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This is 505(b)(1) submission. This NDA consists of 72 volumes.
There are 8 pharmacokinetic study reports. Citalopram is a racemic
mixture and is indicated for the managemeﬁt of depression. Citalopram
was approved by the FDA on July 17, 1998. Most of the pharmacological
activity lies in the S-enantiomer of citalopram. f[‘herefo'fe, the Sponsor,
Forest Laboratories, are now planning to marké£ escitalopram as an
antidepressant and have submitted the following studies:

1. Two comparative bioavailability and bioequivalence studies.

a. A single-dose 20 mg escitalopram (clinical vs commercial) BE study.
b. A single-dose (20 mg), randomised, four way crossover study.
Treatment A — Lundbeck (HLu) marketing formulation; 4x5 mg tablets
Treatment B — HLu marketing formulation, 1x20 mg tablets

Treatment C — HLu clinical formulation, 2x10 mg tablets

Treatment D — Forest (FRX) clinical formulation, 2x10 mg tablets.

2. A Single dose pharmacokinetic study comparing 40-mg racemic

citalopram with 20-mg escitalopram.



3. A multiple dose pharmacokinetic study comparing 20 mg and 60-mg
racemic citalopram with 10 mg and 30-mg escitalopram.
4. A multiple dose study comparimg pharmacokinetics of escitalopram in
healthy elderly and young subjects.
5. Three drug interaction studies:
a. Interaction of escitalopram or fluoxetine with desipramine in young
healthy subjects.
b. Interaction of metoprolol with escitalopram or paroxetine in young
healthy subjects.
C. Intéraction of escitalopram with ritonavir in young healthy subjects,
6. In-vitro drug metabolism study (published papers).
7. Concentration-response relationship. Attempts were made to relate
the primary efficacy parameter, Montgomel;y Asberg Depression Rating
Scale (MADRS) with one plasma concentration on week 8 using Pearson
correlation coefficient. ) i
8. In-vitro dissolution study on 5, 10 and 20 rﬁ.g—tablets./ |
9. Formulations used in the studies.
10. Analytical methods.

In addition, the Sponsor, requests in-vivo bioequivalence waiver for
10 mg escitalopram éommercial.tablets. These commercial tablets were
manufactured by Forest Laboratories (Ireland), whereas10 mg
escitalopram tablets used in clinical studies were manufactured at
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Recommendation:

This NDA is fileable.

[ftekhar Mahmood, Ph.D.

RD/FT initiated by Raman Baweja, Ph.D.

cc: HFD-120, HFD-860 (Mahmood, Baweja, Sahajwalla, Mehta).

APPEARS THIS WAY
ON ORIGINAL

(O8]



D SCT-PK-04

Protocol/Report No. | Protocol Title
I

1. BIOLQUIVALENCE/BIOAVAILABILITY STUDIES
' A Single-Dose, Open
Label, Randomized,
Three-Way Crossover,
Biocquivalence Study
Comparing Lu 26-054
Tablets (20 mg) Used in
Clinical Studics
Administered in the
Fasted State with Lu 26-
054 Tablets (20 mg)

Use Administered in the
Fasted and Fed State in
Human Voluntcers

98113 o An Open, Sinp,lc~[)osc
(20 mg), Randomized,
Four-Way Crossover
Study in Healthy
Volunteers, Investigating
Biovcquivalence of Four
Different Formulations
of Lu 26-054: 5 and 20
mg Tablets, Lundbeck
Marketing Formulation;
10 mg Tablets,
Lundbeck Clinical
Formulation; and 10 mg
Tablets, Forest Clinical
Formulation,

_/. ";'n (II

Intended for Commercial

In i:cniga}b- r

L Date

Table 6-1. Summary of Escitalopram Studics

Location

James Carlson’
Fargo, ND
USA

2000

D Wilbraham
GDRU Limited
United Kingdom
2000

Objectives

To 'corﬁﬁé}c the rate and

extent of absorption of 20
mg cscitalopram tablets
intended for commercial use |
10 20 mg escitalopram
tablets used in clinical
studics and to document the
bioequivalence of these
products

To comparc the scrum

pharmacokinctics of
cscitalopram and the
demethylcitalopram
mctabolite (S-DCT) aficr a-
single dose (20 mg) :
admipistration of 4 different
formulation of escitalopram: |
5 and 20 mg Tablets, :
Lundbeck Marketing
Formulation; 10 mg Tablets,
Lundbeck Clinical
Formulation; and 10 mg
Tablets; Forest Clinical
Formulation.

Design

Opén;labcl'; B

. single dosc,
. randomizcd,

‘hree-way

' crossover,
- biocquivalence
- study

single center,
single dose,
open,
randomized,
four-way

©Crossover

study

: ‘No. of Subjects

8 l.xc'ahh”y yBung

malc and female
subjccts

16 healthy male

~ subjects

Results

! Bascd on the 90% confidence

intervals for the pharmacokinetic
parameters Coaee AUCh., and
AUC.inr for escitalopram,
biocquivalence was demonstrated
between the 20 mg escitalopram
tablets intended for commercial
use and the 20 mg escitalopram
tablets presently being used in
clinical studies. No food effect
was observed for the commercial
formulation.

H. Lundheck marké!i'ng T
fornmulations (5 and 20 mg
tablcts), were found to be
biocquivalent to the H. Lundbeck
cscitalopram clinical formulation
(10 mg tablet) with respect to
escitajoprom and S-DCT in
healthy male subjects. The H.
Lundbeck clinical formulation (10
mg tablet) was bioequivalent to
the Forest escitalopram clinical
formulation (10 mg tablet). The
other pharmacokinetic parameters,
T ess 1%, metabolic ratio, CL/F,
and V2/F were also not
significantly different between
formulations.

February 9, 200/



© Protocol/Report No.

1. PHARMACOKINETIC STUDIES: ADME (ABSORPTION, DISTRIBUTION,

TEeikvander |

08106

£ 98107

i
.

]

Lo

Protocol Tille

A Siriglc-dosc.
Crossover, Open Label
Pharmacokinetic Study
Comparing Racemic
Citalopram (40 mg

i Tablet) with S-

Citatopram (20 mg
Tablet) in Human
Volunteers

'A Multiple Dose Two-

way Crossover Double-
Wind Study Comparing
the Pharmacokinetics
and Tolerability of S-
citalopram (Lu 26-054)
(oral cupsules, 10
mg/day and 30 mg/day)
and Racemic Citalopram
(Lu 10-171) (oral
capsules, 20 mg/day and
GO mg/day) in Two
Pancls of Human
Healthy Volunteers

;
t
i
{
|
!

Table 6-1.  Summary of Escitalopram Stud

Investigator

Location
Pate___

Worp
Zuidlaren, The
Netherlands
1998

Jolanda van de
Logt
Utrecht, The

. Nctherlands

1999

- a——— et

"To compare the

Objectives

Design

METABOLISM AND ELIMINATION) STUDIES

pharmacokinctics of
escitalopram in plasma and
urinc after a single dosc of
40 mg racemic citalopram
(CT) hydrobromide and
after a single dose of 20 mg
cscitalopram tablets; to
examine whether
interconversion occurs from
escitaloprum to R-
ciialopram,

To compare the

pharmacokinctics of
escitalopram and its
mctabolites, following
multiple dosc administration
of escitalopram and multiple
dose administration of
racemic CT (two dosc
levels: 10 and 30 mg/day
cscitalopram vs. 20 and 60
mg/day racemic CT); to
cxamine whether
intcrconversion occurs from
escitalapram to R-
citalopram.

" Open label,
. singlc center,
" single dose,

crossover

. study

single center,

* double blind,

randomired,
multiple dosc
two-way

" erossover
. study

ies

. \No_of Subjects

subjects; 9 female
subjects were also
doscd in the first

period (5, racemic .

citzlopram;
4, cscitalopram)

36 healthy yon}ng.

male and female

" subjects

2dhealthy male |

Results

Following administration of a
singlc dose of 20 mg escitalopam
teblet, peak plasma escitalopran
concentrations (ca. 19 ng/mL)
were achieved at 3 hours, The
half-hfc of escitalopram was c&
27 hours. These parometers wee
similar to those obtained with he
40-mg racemic citalopram dose
The 20-mg escitalopram tablet
was biocquivalent to the 40-mg
racemic CT tablet. No
intcrconversion from escitalopnm
to the R enantiomer occurred aker
singledose,
Following administration of
multiple doses of 10 or 30 mg
escitalopram tablets, peak plasna
escitalopram concentrations wae
achicved at ¢a, 4 hours. The hdl-
life of cscitalopram was ca. 31
hours. The 10-mg cscitalopram
tablet was biocquivalent to the 20-
myg racemic tablet. The
escitalopram levels from the 3¢
my, escitalopram tablets were
slightly lower than those of the60-
mg racemic CT tablets (90% C:
Cox 79.5-88.2, AUC 78.9-90.6).
No interconversion from
escitalopram to the R enantiomer

occurred afier multipic dose, |




" Protocol/Report No.

.
i
i
i
;
i

Protocol Title

Table 6-1.
j /nvc,\ngmor :
; Location i Objectives
" Date. i

It I'HARMACOKIN} Iy STumrs: EFFECTS OF /\( [

[ PHARMACO}\INFHC STUD)H INTERACTION \\'l'rnOTurn DrucGs

SCT-PK-05"

SCT-PK-01

A Muluplc Dose
Pharmacokinetic Study
of Lu 26-054 in Healthy
Elderly and Young
Subjects

A Companson of the
Pharmacokinetic
interaction of Lu 26-054
or fluoxetine with
Desipramine in Healthy
Young Subjects

e e e ot

' Albert Cohen
| Miami, FL

| usa

l 2000

|

-

" Larita Frazier-
i O'Bannon

| Cincinnati, OH
- USA

. 2000

X ORI FU U SRR

i To mcasure the
pharmacokinetics of
cscitalopram and its
mctabotites S-DCT and S-
DOCT following
administration of
escitalopram in young and
ciderly healthy male and

_1_fcemale volunteers.

: To compare the effects of

i escitalopram and fluoxctine

1 on desipraming
i pharfacokinetics in

! humans,
|

Sumnmry of Escitalopram Studies

Design

Open 1§15cl,

- multiple dosc

Double blind,

sinplc-center,
paraliel,

. multiple dose,
 randomized
* study

.

oy
i \
1

\

: No, of Snbjects

i 36 (9 young males, |

9 young females, 9
elderly malesand 9
elderly females)

© 40 young healthy
i male and female
subjects (20 in cach

group)

Cscitalopram increascd the Coy,,

Resulis

Escitalopram Cp,, Was I
approximately 34% higher and the
AUC,. was approximately 50%
larger in the clderly compared to
the young subjects. The 4 values
in the clderly were longer
comparcd to the young subjects
(41.0 vs. 27.3 h). No gender
effects wers observed.

AUC, T, and 1% of desipramine
b)‘ 4 |"/e, 10740, IO% and4l%,
respectively. The corresponding
cffects of fluoxctine on these
parameters were 83%, 311%, 14%
and 170%. Despite the increases in
concentrations of desipramine
after escitalopram or fluoxetine
treatment, there were no clinically
significant changes observed in
psychomotor function, visual
analog scales and Pittsburgh Sleep
Quality Index.




Protocol/Report No.
. SCT-PK-02
I

STk T

111, OTHER STUDIES

e e imee e e aaeen

|
i Protocel Title

SN N

SCNDTT T

S R

i A Pharmacokinetic

i Study of the Combined
Administration of Lu.
26-~054 and Ritonavir in
Healthy Young Subjects

" A Comparison of the

Pharmacokinetic
Interaction of
Metoprolol with Lu 26-
054 or Paroxcting in
Healthy Young Subjects

Fixed Dosc Comparison
of the Safety and
ffficacy of Lu 26-054,
Citalopram, and Placcbo
in the Treatment of
Major Depressive
Disorder

"I;n\'cxrignin} .
Location
Date o .
Maria Guticrrez
i Ft. Lauderdale, |
FL |
USA
2000

"Krishaa Talluri
Morrisville, NC
USA
2000

2000

1
'

Mﬁltipic sites, I
officacy of escitalopram 10

Objectives

To evaluate the
pharmacokinetic interaction
of a single dose of ritonavir
(GOQ mg) and 2 single dose
of escitalopram (20 mg) in
healthy young subjects.

i "To compare the effects of
i paroxetine (40 mg) with

those of escitalopram (20

. study

! Double biind,
" parallel,

mg) on the pharmacokinctics

of metoprolol (100 mg) in
healthy young subjects

To cvaluate tl'\c'safé.ty and -

and 20 me/day compared to
placebo in the treatment of
depression.

Table 6-1.  Summary of Escitalopram Studics

i
Design .
Svi'nglc center,
open label,
randomized,

three-way"
crossover

randomized,
multiple dose
study

" Double-blind, i

'. randomized, 8-
. week, fixed

parallcl,

dose study

. male and female

. 78 young healthy
i malec and {emale

! opatients

|
_

No. of Subjects
1§ young healthy

subjects

subjects (14 in each
group).

155 cvalugble

. Results

: Cowdministration of a single dose
- of ritonavir and cscitalopram did

_alone.

of metoprolol.

not affect the pharmacokinetics of
cscitalopram of ritonavir
compared to when ritonavir ot
escitalopram were administered

Coadministration of escitalopram
caused an increase in metoprolol
Crran (75%), Torua (40%), AUC
(127%) and t% (46%) and 2
decrease in CUF (48%). The
cfTcets of paroxctine were
significantly larger than those of
cscitalopram. There were no
resultant cffects on cardiovascular
dynamics from the '
coadministration of multiple doses
of cither SSR1 with a single dose

There was no sib;‘;ni('\(::n'\(~ -
relationship between escitalopram
concentration and the decrease in
MADRS score.

b
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SUMMARY

Escitalopram is s-enantiomer of racemic citalopram which was approved in 1998
under NDA 20-822. This NDA consists of four 8-week placebo controlled multicenter,
double-blind, parallel group, fixed or flexible dose clinical trials in adults with depression.
There are 9 clinical pharmacology studies containing bioequivalence studies which link
clinical to ‘to be marketed” tablets, pharmacokinetic studies which show no interconversion
between enantiomers, effect of food, age and gender,-and interaction studies with metoprolol,
desipramine and ritonavir.

Escitalopram oxalate is an orally administered selective serotonin reuptake
inhibitor. The pharmacological effect of citalopram resides in the S-enantiomer.
Escitalopram is twice as potent as racemic citalopram and.more than 100 fold more potent
than R-enantiomer with respect to inhibition of 5-HT reuptake and inhibition of 5-HT
neuronal firing rate. Molecular formula of escitalopram is C20H21FN20.C2H204 and
its molecular weight is 414. Escitalopram is a white to slightly yellow powder and is
sparingly soluble in water. -

Following a single 20 mg oral dose of escitalopram, the mean Cynax and Tmax

were 21 ng/mL and 5 hours, respectively. Absorption of escitalopram is not affected by
food. The oral clearance of escitalopram is 600 mL/min and the renal clearance is less than
10% of the oral clearance (approximately 42 mL/min). The elimination half-life of

escitalopram is about 25 hours. Following multiple once daily dosing, steady state is

reached within one week. The accumulation ratio was 3.3 in young healthy subjects.

There was no evidence of interconversion from the S- to the R- enantiomer following
single and multiple dosing.

After a single dose, the pharmacokinetics of escitalopram was similar between
young and the elderly (>65 years). At steady state, however, the AUC and half-life of

1



escitalopram were increased by 50% in the elderly as compared to the young. There was
no effect of gender on the pharmacokinetics of escitalopram.

The major metabolites of escitalopram are s-desmethylcitalopram (DCT) and s-
didesmethylcitalopram (DDCT). CYP3A4 and CYP2C19 are major isozymes involved in )
the N-demethylation of escitalopram. Escitalopram and S-DCT produced negligible

“inhibitory effect on 1A, 2C9, 2C19, 3A4, and 2E1 in vitro. However, in-vive studics with
CYP2D6 substrates (metoprolol and desipramine) indicated that escitalopram has
inhibitory effect on CYP2D6. Co-administration of escitalopram (20 mg/day for 21 days)
with metoprolol (single dose of 100 mg ) or desipramine (single dose of 50 mg) increased
the AUC of metoprolol by 82% and desipramine by 100%.

Co-administration of escitalopram (20 mg) with ritonavir (600 mg), produced no
effect on the pharmacokinetics of ritonavir or escitalopram.

No relationship between plasma concentration and efficacy (change in MADRS
score from baseline) was found (Pearson correlation coefficient = -0.43) over the dose
range of 10 to 20 mg of escitalopram.

FDA’s proposed dissolution method and specification for escitalopram oxalate
tablets for all three strengths is as follows: »

Apparatus 2 at 50 rpm, 900 mL, 0.1 N HCl at 37°C
Q = = at 30 minutes.

Pharmacokinetics of racemic citalopram:
Absolute bioavailability = 80%

Cmax = 42 ng/mL (single oral dose of 30 mg tablet)
Tmax : 1 to 6 hours

Vss = 12.3 L/kg.

Systemic clearance = 330 mL/min

Renal clearance = 60 mL/min

Plasma protein binding = 82%

Elimination half-life = 35 hours

Dose linearity = 10-60 mg

Food has no effect on the pharmacokinetics of citalopram tablets.

The major metabolites of citalopram are desmethylcitalopram (DCT) and
didesmethyl citalopram (DDCT). Minor metabolites of citalopram are N-Oxide and
propionic acid. CYP3A4 and CYP2C19 are major isozymes involved in the N-
demethylation of citalopram.

-~
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Escitalopram Oxalate

CHCHCHN(CH,), , HBr

Citalopram Hydrobromide
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Study #1

Title: A single-dose, open label, randomized, three-way crossover, bioequivalence study
comparing escitalopram tablets (20 mg) used in clinical studies administered in the
fasted state with escitalopram tablets (20 mg) intended for commercial use administered
in the fasted and fed state in human volunteers (SCT-PK-04).

The objective of the study was to compare the rate and extent of absorption of 20
mg escitalopram tablets intended for commercial use to 20 mg escitalopram tablets used in
clinical studies. The study also assessed the effect of food on the pharmacokinetics of
escitalopram tablets intended for commercial use.

This was an open-label, single dose, randomized, three-way crossover, study in 18
healthy young subjects (8 males and 10 females, 18 to 33 years of age). Subjects received
each of the following three treatments in a randomized order, separated by an interval of
14 days.

Treatment A: a single oral dose of 20 mg escitalopram tablets intended for commercial
use administered in the fasted state (batch # 3395).

Treatment B: a single oral dose of 20 mg escitalopram tablets intended for commercial
use administered in the fed state (batch # 3395).

Treatment C: a single oral dose of 20 mg escitalopram tablets (clinical formulation)
administered in the fasted state (batch # 99034C).

Subjects who received Treatments A and C were fasted for at least 10 hours prior
to dose and for another 4 hours after the dose. Subjects who received Treatment B were
fasted for ten hours and then given a standardized high-fat breakfast on the day of dosing.
Subjects consumed their breakfast within half an hour and then the drug was administered.
All subjects consumed 240 mL of water with each dose.

For Treatment B, a standard high fat (50% of total caloric content of the meal),
high calorie (approximately 1000 calories) breakfast was provided and included 2 eggs
fried in butter, 2 bacon strips, 2 slices of toast with butter, 4 ounces of hash brown
potatoes and 8 ounces of whole milk (i.e., approximately 150 protein calories, 250
carbohydrate calories, 500-600 fat calories).

Blood samples (7mL each) for the determination of escitalopram and its metabolite
(s-demethylcitalopram) in plasma were collected from each subject at time
0 (pre-dose), 1,2,3,4,5,6,7, 8, 12, 24, 48, 72, 96, 120, 144, and 168 hours.

6



The concentrations of s-citalopram and s-demethylcitalopram in plasma were

determined by a -

using 0.5 mL plasma. The limit of quantification was +—— for both s-citalopram and
s-demethylcitalopram.

Seventeen subjects completed the study. The results of the study have been
summarized in Tables 1 and 2. Based on the 90% confidence interval on log transformed
AUC and Cmax, the results of the study indicated that the 20 mg escitalopram tablets
intended for commercial use and the 20 mg escitalopram tablets used in clinical studies
are bioequivalent.

Fasting: (Cmax 98-115 %, AUCO-inf 95-112 %)
Food did not exert any effect on the pharmacokinetics of escitalopram.
Fed: (Cmax 100-118%, AUCO-inf 99-116 %).
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Table . i Pharmacokinetic Parameters (Memi + SD) of Escitalopram Following

All Active Treatments
T
PX Parameters i Treatment A | Treatment B | Treatment C 7 AvsC 7y B vls 4
(N=1 (N=17) (N=17) ean earn ;
? Ratio 2% | ‘paiy | 0% 1 |
Crax(ng/mL) 21147 | 233167 : 202+59 | 104 981151 110 | 100-118 ;
AUCo, (ng-hr/mL) |571.8 +215.7{607.2 1 2188|5649+ 2349| 1.01 94-112| 1.06 | 98-116
AUCor(ngehr/mL) ; 622.7 + 224.8 | 664.0 £ 224.7 i 6136+ 247.1| 1.01 : 95-112 1.06 99-116
Advs.C Bvs. A ;
! P Value P Value
1 .
i Tonax 1) 44 £1.1 48%12 50%£1.5 0.0535 0.2075
T% (hr) 23460 2450 236+54 0.7974 0.3735
'CZUF (L/hr) g 362+130 | 3384126 | 3794152 ;| 0.3767 0.2072
P 11251+ | 10995% | 12024% :
VAFL) ¢ s 2211 318.5 01963 0.6056 |
TD’@‘L{%M /9 = C&m"m\/—ﬂcc,‘f _C’a,,g ée.,a(
8= CO;WW;‘J f ek
¢ = climeead fagted
Table . Pharmacokinetic Parameters (Mean + SD) of S-DCT Following All Active Treatments
i Treatment A Treatment B ! Treatment C Avs. C .v Buvs. 4 {
‘PK Parameters : T - T ]
i (N=17) (N=17) | "(N=17) Mean Ratio | 90% CI | Mean Ratio 90% C! !
{Crau(ng/mL) ' 3307 ' 30:05 | 31:07 106 {96115 | oo {93112 |
: . . . =
AUCq, (ngehr/mL) ' 250.0:60.5 ; 2286¢ 46.9 I 2393+ 79.9 i 1.04 93-127 0.91 . 79-108 |
' AUCq ur (ngshr/mL) ; 35312562 | 338.0¢%53.7 l 31348+ 77.3] 105 95-113 096 | 88-105 ]
Avs C Bvs A i
P Value P Velue
{Toux (B) 120.7 £ 150 2624 14.0 §20.7 £127 0.8968 0.2066
T (h) 5802137 Isaetos  leo7s13 0.3083. 0.7297 !
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4

Figurec .. Plasma Concentration (MeaniSD) of Escitalopram Following Administration of 20
mg commercial tablet (fed & fasted) and 20 mg Tablet Used in Clinical Studies in Healthy Young
Male aud Female Subjects.

Concentraden thgimL
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=O— commerical iablet, eé; K= (7
—— cWaital tablet fagted; N v 17
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Figure * *.  Plasma Concentration (meantSD) of S-DCT after Administration of 20 mg
Commerciaf Taofet (fed & fasted) and 20 mg Tablet Used in Clinical Studies in Healthy Young Male

Conceniration (npink)

and

Female Subjects

O tommerical Lables fods K = 17
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Study #2

Title: An open, single-dose (20mg), randomized, four-way crossover study in healthy
volunteers, investigating bioequivalence of four different formulations of Lu 26-054:5 and
20mg tablets, Lundbeck marketing formulation; 10 mg tablets, Lundbeck clinical
formulation; and 10mg tablets, Forest clinical formulation (Study# GCP98113)

The objective of the study was to demonstrate bioequivalence of four different
formulations of escitalopram, administered as a single dose of 20mg. This was a single-
centre, open-label, four-way crossover study in 16 healthy men (18 to 45 years of age, 4
subjects per sequence). Each treatment was separated by a washout period of 2 weeks.
The following formulations were used in this study: *-
Treatment A - Lundbeck (HLu) marketing formulation, 4x5 mg tablets, batch no. PD
1286.

Treatment B - HLu marketing formulation. 1x20mg tablet, batch no. PD 1293,
Treatment C - HLu clinical formulation, 2x10mg tablets, batch no. PD 1282
Treatment D: Forest (FRX) clinical formulation, 2x10 mg tablets, batch no. R 268.
The bioequivalence was tested between the following treatments:
Treatment A (test) versus Treatment C (reference)
Treatment B (test) versus Treatment C (reference)
Treatment C (test) versus Treatment D (reference)
Blood samples (7mL each) for the determination of escitalopram and its metabolite (s-
demethylcitalopram) in serum were collected from each subjectattime 0, 1,2, 3,4, 5,6, -
7,8,12,24, 48,72, 96, 120, 144, and 168 hours. The concentrations of citalopram and s-

demethylcitalopram in serum were determined bya —o

~ using 1 mL serum. The limit of quantification was ~

#— _ for both escitalopram and s-demethylicitalopram.

The results of this study have been summarized in Tables 3 and 4. Based on the
90% confidence interval on log transformed AUC and Cmax, the results of the study
indicated that all four formulations of escitalopram tablets are bioequivalent.

The study showed that H.Lundbeck escitalopram market formulations (5 and 20
mg tablets) were bioequivalent to the H.Lundbeck escitalopram clinical formulation (10
mg tablet). Furthermore, the H.Lundbeck clinical formulation (10 mg tablet) was

) bioequivalent to the Forest escitalopram clinical formulation (10 mg tablet).
''''' ) 10



Table &ﬂa Pharmacokinetic Parameters of Escitalopram and S-DCT Following Single Dose
Administration of H/Lu Marketing 4x5 mg Tablet, H/Lu Marketing 1 x 20 mg Tablet, Lundbeck

ESCITALOPRAM
) i H/Lu Marketing | H/LuMarketing | H/Lu Clinical | Forest Clinical
i Parameter * 4x 5 mg Tablet 1x20mg Tablet ' 2x10mgtablet @ 2 x 10 mg tablet
; i{n=15) (n=14) ‘(n=15) { (n=15)
i Coux (ng/mL) 11924 200+4.2 i 19334 ] 19.6+4.2
© Tax (ROUTS) 123£0.7 21£07 12608 128%1.1
. AUCy. (ngshr/mL) 4707+ 147.0 463.6£ 110.3 4642+ 1100 | 498.6+ 1489
" AUC,. (ngshr/mL) : 522.6+ 1515 513.5+ 110.9 ©5100+£110.6 ! 54691512
¢ t% (hours) i242+42 252440 1 24.1 £33 1254+£38
\ CLJF (Lthr) j41.5%125 40.7£9.1 : 41.0£9.0 395+ 118
i VZF (L} 1 1386+ 223 1450 + 237 i 1408 +275 1403 + 291
LS-D EMETHYLCITALOPRAM
! Corax (ag/mL) T37%08 35407 :36%07 33‘5 +07
" Trmax (hours) 1 189£114 13.5+ 106 i 187132 11522115
* AUCq (ngehr/mL) : 277.5+43.1 2654 % 34.1 '264.8+ 444 27352419
i AUC,. (ngehr/mL) : 366.3+52.5 364.1+37.2 . 357.0+428 | 367.2£45.6
. t¥% (hours) 53.6+738 55.4% 6.0 '53.1268 1 S49+81
;MR ‘0.8+0.2 10802 i 0.8+0.2 1 0.840.2

Table wzf Relative Bioequivalence of Escitalopram and S-Demethylcitalopram Using
Different Escitalopram Treatments fn Healthy Young Male Subjects

T2

Comparison of H/Lu Marketing 4x5 mg Tablet (Test, Treatment A) and
H/Lu Clinical 2 x 10 mg Tablet f (Reference, Treatment C)

S-Dem etiz{}cilalopram

| Escitalopram
Parameter I | 90% 1 ane i
i MeanRatio : Confidence Mean Ratlo I % /; (t:onﬁ?eme !
! | _Intervals ! ntervals i
Cirax i 1.021 l 94.7 - 110.1 0.961 ; 92.5-99.9
AUGC,. ‘ 0.997 1 94.3-105.5 0.976 i 9314-1020
AUCo. ! 1.011 | 949-1078 | 0.945 i 90.5-98.8

Comparison of /Lu Marketing 1x20mg Tablet (Test, Treatment B) and
H/Lu Clinical 2 x 10 mg Tablet (Reference, Treatment C)

Escitalopram S-Demethylcitalopram
Parameter 90% i o :
Mean Ratio Confidence MeanRatio | 0% Confidence |

. Intervals

i Intervals ¢
Core [ 0.962 T §9.2-1037 0.992 L 954-103.1
AUC,.. i 0.995 1 94.0-1053 0970 t 928-1013
AUC,, i 1.004 i 94.2-1069 0.979 i 93.7-1023

Comparison of H/Lu Clinical 2 x 10 mg Tablet (Test, Treatment C} and
Forest Clinical 2 x 10 mg Tablet (Reference, Treatment D)

Escitalopram S-Demethylcitalopram
Parameter 1 90% ) o :
! Mean Ratio ! Confidence Mean Ratio f 90% Confidence :
: : Intervals
N Intervals | J
b Crax 0.980 i %09-1057 1.023 i 984-1064
L AUC,. 1.027 | 97.0-1087 1028 | 984-1075
| AUG,, 1.024 | 96.1-109.1 1.044

99.9-109.1
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Figure +" .. Mean Plasma Escitalopram Concentrations (ng/mL) Following Administration of
Four Different Formulations of Escitalopram Tablets in Healthy young Male Subjects
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Figure ¢ Mean Plasma S-DCT Concentrations (ng/mL) Following Administration of Four

Different Formulations of Escitalopram Tablets in Healthy young Male Subjects.
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Study #3

Title: A single-dose, cross-over, open label pharmacokinetic study comparing racemic

citalopram (40 mg tablet with S-citalopram 20 mg tablet in human volunteers) (Study GCP
#98106).

The objective of this study was to cofnpare the pharmacokinetics of S-CT, R-CT
and the metabolites demethylcitalopram (8-DCT and R-DCT) and didemethylcitalopram
(S-DDCT and R-DDCT) following a single oral dose of a 40 mg racemic citalopram tablet
or a single oral dose of 2 20 mg S-citalopram tablet to healthy male and female subjects.
The secondary objective was to examine whether interconversion occurs from S-CT to R-
CT in humans.

The study was a single-centre, Phase I, single dose, open-label, randomised study
* with a two-sequence, two-treatment, two-period cross-over design. The study was
originally planned to include 24 healthy volunteers (I2 males and 12 females), aged
between 18 and 45 years. Due to delayed results of a toxicity study the clinical protocol
was amended to include only male subjects and more female subjects were not enrolled in
the study. At that time 9 females had already been enrolled and had received a single dose
of study medication (5 racemic citalopram, 4 S-citalopram). More male subjects were
enrolled in order to obtain a sample size of 24 for statistical comparisoﬁs. There was a 21-
day washout period between two treatments: -

Blood samples from each subject were drawn at time 0,1,2,3,4,6,8, 12, 24, 36.
48,72, 96, 120, 144 and 168 hours after dosing. Urine samples were collected from 0-4,
4-8, 8-12, 12-24, 24-36, 36-48, and then at 24 hours interval til] 168 hours. Plasma
samples were assayed for R-citalopram, S-citalopram, R-demethylcitalopram, S-
demethylcitalopram, R-didemethylcitalopram and S-didemethylcitalopram using a
validated LC/MS/MS method. The limit of quantification for citalopram and its

metabolites using 0.5 mL of plasma was == . In urine the limit of quantification was

p—

Pharmacokinetics of S-CT:

Following 40 mg racemic citalopram (CT) and 20 mg escitalopram (S-CT), the
pharmacokinetic parameters (Cmax, AUC, t1/2 and CL) for S-citalopram were
comparable in male subjects. The Cmax of S-CT following CT and S-CT was 21.1 + 5.5
ng/mL and 18.8 + 4.5 ng /mL, respectively. The tmax was 3 hours following the

13



administration of CT or S-CT. The AUC(0-inf) of S-CT following CT and S-CT was 685
+ 376 ng*hr/mL and 637 + 356 ng*hr /mL, respectively. The half-life of S-CT was 26
hours following the administration of CT or S-CT (Table 5).

The AUC of S-DCT was approximately 2 times less than the AUC of S-CT,
whereas the half-life of S-DCT was twice than the half-life of S-CT (Table 5). S-
didemethylcitalopram (S-DDCT) levels were below quantification limits.

The renal clearance of S-CT was appi'oximately 43 mL/min following the
administration of CT or S-CT. About 8% of S-CT was excreted urichanged in the urine.
The renal clearance of S-DCT was approximately 113 mL/min following the
administration of CT or S-CT. About 10% of S-DCT was excreted unchanged in the urine
(Table 7).

.Based on Cmax and AUC(0-inf) values of escitalopram, the 20 mg escitalopram
tablet \\:as found to be bioequivalent to the 40-mg racemic CT tablet in healthy male -,

subjects. The 90% confidence interval for Cmax and AUC(0-inf) was within 80-125%
(Table 8).

Pharmacokinetics of R-CT and comparison with S¥CT following administration of 40
mg CT:

Following 40 mg CT, the AUC(0-inf) of R-CT ( 1312 + 446 ng*hr/mL) was twice
than S-CT (685 + 376 ng*hr/mL). The half-life of R-CT_(4_7 hours) was 21 hours longer
than S-CT (26 hours). The AUC of R-DCT was 1.3 times higher than the AUC of S-DCT,

whereas the half-life of R-DCT (88 hours) was 33 hours longer than the half-life of S-
DCT (35 hours). (Tables 5-6).

Gender Effect:

The sample size of females in the study was small (5 racemic CT and 4 S-CT). The
pharmacokinetic parameters of various isomers of CT in females have been summarized
in Tables 9-10.

The results of the study indicated that there was no interconversion, i.e., the S-CT
was not converted into R-CT. This conclusion is based on the fact that following the
administration of S-CT, the analytical method did not detect R-CT.
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Mean pharmacokinetic parameters for male subjects are summarised in Tables 2 and 3.
-

S .
Table f. Pharmacokinetic parameters (mean + SD) for S-CT and S-DCT in male subjects

s-CT S-DCT

Treatment 40mg CT . 20mgS-CT 40mg CT 20 mg S-CT
(n=24) (n=249) (a=24) (n=23)

C,e (ng/mL) 211£55 188145 35%1.2 34210

C e (nmoVL) 65.0£170° 580139 11339 11.0£32°

b (B) 32324 3015 142497 1401113

AUC,, (ng-hr/mL) 621+ 336 5751319 243294 ¢ 236¢715

AUC,, (nmol-hr/L) 1914 £ 1036 1772 £983° 783 £303¢f 760+242"

AUCq.( (ng-hr/mL) 685 £ 376 637 £356 34948119 335478

AUC, .., (nmol hrfLL) 2112+ 1159 1964 £ 1097 1124 2261 ¢ 1079 £251 ¢

1y, (r) 263+108* 267+109* 556£13.4%4 58.5+14.6°

CL/F (L/) 3644160 39.6 + 13.0 na na

VJF (L) 1196 1 260 1331 £355 na n

F.® . pa 0.93 £ 0.09 na 0.97 £ 0.12

na: not applicable

*: tyy denived using measurable data (at Seass 4 time points) from 12 or 24 hours up to {69 hours after dosing.
b: t» devived using measurable data (at least 4 fime points) up to 169 hours after dosing.

©: Relative bioavailability: AUCq,+(20 mg S-CT)/ AUC, (40 mg CT).
4. AUC,, AUC;,¢ and ¢, only determined for 23 subjects.

“: Conversion factar far CT: | ag/ml = 3.0826 nmel/L. % Conversion factor for DCT: 1 ng/ml = 32220 amal/L.

Table 3. Pharmacokinetic parameters (mean + SD) for R-CT, R-DCT aﬁd—R-DDCT in male subjects

RCT R-DCT R-DDCT

Treatment 40 mg CT 40 mg CT 40mg CT
(n=24) (n=24) {n=35)

Coa (ng/mL) 22755 26£09 13102
Cu (nmol/L) 700 £17.0¢ 84129 44+07*
toy (h1) 3520 48.2+£289 19.2+£313
AUC, ¢ (ng-hu/ml) 1312 £ 446 458 £ 130¢ 410+ 109°
AUC,,( (nmol-hr/L) 4044 £ 1375°¢ 1476 + 4194+ 1384 + 368"
2 (hr) 4701107 88.6 £ 24.9%¢ 189.5+929*
CL/F (L) 17.1 £ 6.2 na na
V/F(L) 1087 £205 na na
na: not applicable

*: 1y derived using measurable data (at least 6 time points) from 12 or 24 hours up to 168 hours after dosing.

*: 1,2 derived using measurable data (at beast 3 time points) up to 168 hours afeer dosing.

% tp derived using measurable data (at least 3 time points) from 72 hours up to 144 hours after dosing.

% AUC, . cand t,z only determined for 20 subjects. * AUCy and t,,, only determined foc 3 subjects.

“. Conversion factor for CT: | ng/mL ~ 3.0826 nmol/L. *: Conversion factor for DCT: 1 ng/mL = 3.2220 amol/L.
*: Conversion factor for DDCT: I ng/mL = 3.3744 nmoV/L.
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Table ﬁz;. Mean Pharmacokinetic Parameters (Mean + SD) of Escitalopram
and S-DCT in Urine Following Administration of Elther 40 mg Racemic CT or 20
mg escitalopram in Healthy Male Subjects

ESCITALOPRAM i

'g | 40mg CT(n=-24) 20 mg Escitalopram (n = 24) |
i CLg (L/hr) f 25%08 ! 27+08

! % Dose in Urine | 79146 ! 30%438

. Acour (ng) : 1682+ 1119 , 1659 + 1080

{ 1,5 (urine) (hr) 1 284+ 109 : 274164

i S-DEMETHYLCITALOPRAM

! '{ 40 mg CT (n =- 24) ’ 20 mg Escitalopram (n = 23}
I"CLy (Uhr) | 6819 ' 69221

| Acgasen (n) 1973 + 400 [ 1930, £ 384
-: % Dose in Urine ! 9.9+£2.0 ! 96+19

D Aloir(1g) i 22324418 i 2174 + 413

|ty (udine) (hr) 4594189 i 448+ 11.1 |

APPEARS THIS WAY
ON ORIGINAL

Table6~#7. Relative Bioequivalence Analysis of Escitalopram and S-Demethylcita2lopram:
Treatment with 20 mg Escitalopram (test) vs. 40 mg Racemic CT (reference)

wh

ESCITALOPRAM

Parameter | Ratio of Means 90% Confidence Intervals
Crnax (ng/mL) ) 0901 - 0.850-0.955
AUC,, (ng+hr/mL) 0.918 0.880-0.957
AUCo., (ng+hr/mL) 0.924 0.892-0.956

S-DEMETHYLCITALOPRAM

—

Parameter Ratio of Means 90% Confidence Intervals
Crax (ng/mL}) 0.937 0.883-0.994
AUC,. (ng*hr/mL) | 0.948 : 0.878-1.024
AUG,., (ng-hr/mL) 0.961 i 0.922-1.001
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Mean pharmacokinetic parameters for female subjects are summansed in Tables 4 and 5.

Table/( anmacokmenc parameters (mean % SD) for $-CT and S-DCT in female subjects in dosing period I

. sCT $-DCT

Treatment 40mg CT 20mg S-CT 40mg CT 20 mg S-CT

{(n=5) (a=4) (n=5) (n=4)
C,.. (ng/ml) 23.7+3.7 274195 43419 3.8+1.0
C... (nmol/L) 731 +114° 8454293¢ 139+6.14 122+3.2¢
Ty (1) 22108 30£08 152118 260165
AUC,, (ng-hr/mL) 587+ 244 - 9134340 244 239 284 40
AUC,, (nmol-hr/L) 1809 £ 752°¢ 2814 £1048°¢ 786+ 1264 915+ 1294
AUC,, (ng-br/mL) 639 £ 260 976 + 348 350 £39 377£33
AUC, ,r (nmol-hr/L) 1970 + 801 * 3009 + 1073° 1128 + 1264 1215 £ 1064
tip (hr) 23.5183° 292 +10.7* $3.1+£247° St3+5.4°
CL/F (L/h) 3554129 231499 na na
VJF(L) 1086 £ 130 902 £ 241 na na

na: not applicable

*. 1,,» derived using measurable data (at least 4 time points) from 12 hours up to 168 hours ater dosing.

5. 1, derived using measurable data (at least 4 time points} up to 168 hours afier dosing.

€. Conversion factor for CT: 1 ng/mL = 3.0826 nmol/L. % Conversion factor for DCT: 1 ng/mL = 3.2220 nmoV/L.

Table 7/ Phammacokinetic parameters (mean £ SD) for R-CT, R-DCT and R-DDCT in female subjects

RCT R-DCT R-DDCT
Treatment 40 mg CT 20mg CT T omgCT
(n=5) {n=3) (n=3)
C,.. (ng/mL) 266152 29:11 1.3+04
C,.., {(amol/L) 82.0416.0¢ 93+35* 44113°
toe (B0) 281038 456 £ 44.4 560139
AUC, 4 (nght/mL) 1253 298 385 £ 47¢ na
AUC, ;s (nmol-he/L) 3862 £ Y1y 1240 1317 na
tin (br) 405129 60.3 £23.2>¢ na
CL/F (L/hr) 166%3.6 na na
V/F(L) 931 +182 na na

na: not applicable

*: t,,, derived using measurable data (at least 7 time points) from 12 hours up to 168 hours after dosing.

®. 1, derived using measurable data (at least 3 time points) up to 168 hours alter dosing.

€ AUC 4 40d t, oaly determined for 4 subjects. & Conversion factor for CT: 1 ng/mL = 3.0826 nmoV/L.

*. Conversion factor for DCT: 1 ng/mL = 3.2220 nmoVL. ": Conversion factor for DDCT: | ng/mL = 3.3744 nmol/L.
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Figure 6-14. Plasma Concentrations of Escitalopram Following Administration of a Single Dose of
Either 20 mg Escitalopram or 40 mg Racemic Citalopram Tablets in Young Healthy Male Subjects.

T}
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Time (hours)

Figure 6-15. Plasma Concentrations of S-demethylcltalopram Following Administration of a Single
- Dose of Either 20 mg Escitalopram or 40 mg Racemic Citalopram Tablets in Young Healthy Male
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Study # 4

Title: A multiple dose two way crossover double blind study comparing the
pharmacokinetics and tolerability of S-citalopram (oral capsules, 10 mg/day and 30
mg/day) and racemic citalopram (oral capsules, 20 mg/day and 60 mg/day) in two panels
of human healthy volunteers (study #98107).

The primary objective of this study was to compare the pharmacokinetics of the
S-enantiomer of citalopram and its metabolites, following multiple dose administration of
Lu 26-054 (S-citalopram) and racemate CT (at two dose levels:10 mg/day Lu 26-054 vs
20 mg/day CT, and 30 mg/day Lu 26-054 vs. 60 mg/day CT) in healthy young subjects.
The secondary objective of the study was to determine whether interconversion between
S- and R-CT occurs in humans.

This was a single center, Phase I, double blind, randomized, multiple dose two-
way crossover study in 36 young healthy subjects (male =18; female=18, age = 18-45
years). Subjects were enrolled into two parallel dosing panels: a low dose panel A (n=18,
9 males and 9 females) and a high dose panel B (n=18, 9 males and 9 females). Each panel
was treated during two sequential dosing periods of 24 days, separated by a 14-day
washout period. Medication was given orally as encapsulated tablets. Capsules were taken
in the morning with 180 mL of water. On the first dosing day and on Day 24 of each
treatment period, capsules were taken after overnight fast of 10 hours. Subjects fasted for
4 hours postdosing.

Panel A

Sequence Al:

Treatment 1: CT 20 mg daily for 24 days; 14-day washout; Treatment 2: Lu 26-054 10 mg
daily for 24 days (batch #98160J)

Sequence A2:

Treatment I: Lu 26-054 10 mg daily for 24 days; 14-day washout; Treatment 2: CT 20 mg
daily for 24 days

Panel B

Sequence B1:

Treatment 1: Titration with racemate-CT 20 mg daily for three days, followed by CT 40
mg daily for three days and 60 mg for 18 days; 14-day washout.
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Treatment 2.Titration with Lu 26-054 10 mg daily for three days, followed by Lu 26054
20 mg (batch #98161)) daily for three days and 30 rng Lu 26-054 (batch #98167)) for 18
days.

Sequence B2:

Treatment 1: Titration with Lu 26-054 10 mg daily for three days, followed by Lu 26054
20 mg daily for three days. After the titration period, the subjects received 30 mg Lu 26-
054 for 18 days; 14-day washout.

Treatment 2. Titration with CT 20 mg daily for three days, followed by CT 40 mg daily
for three days. After the titration period, the subjects received CT 60 mg for 18 days.

Blood samples (6 mL) were obtained in each period for the determination of the S- and R-

enantiomers of citalopram and its metabolites DCT and DDCT. The sampling schedule
was as follows:

Day 1: pre-dose, 2, 4, 8 and 12 hrs post-dose
Days 2, 10, 16, 21, 22 and 23 hrs pre-dose

Day 24: pre-dose, 1, 2, 3, 4, 6, 8, 12 hrs post-dose
Days 25, 26, 27, 28, 29, 30, 31, 32, 33, and 34..

Plasma R & S Citalopram, R & S DCT and R & S DDCT concentrations were
quantified by LC/MS/MS. The lower limit of quantification for all three MOEItIES V v
re—— A '

Thirty-two subjects completed the study. Four subjects (# 6, 13, 27 and 28)
were discontinued during the study; two withdrew due to adverse events and two
withdrew their consent. Data from Subjects #6 and 28 were not included in the analysis
since data were not available for these subjects during both Periods 1 and 2 at several time
points. Data from Subject # 27 were also not included in the analysis since this subject
was dropped during Period 2 and cannot serve as his own control. Data from Subject #13
were included in the analysis since this subject was dropped from the study during Period
2 (Day 32), and the concentrations from this subject from the four previous time points
(since Day 28) had been below the limit of quantification.

The pharmacokinetic parameters of DDCT were not calculated following the
administration of single dose as the plasma levels were fairly low. Also, half-life values

for this analyte during the multiple dose were not estimated due to the low plasma levels.
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Single Dose:

Bioequivalence analysis (log transformed data) was performed using pooled data from
subjects who received 10 mg Lu 26-054 or 20 mg racemic-CT on Day 1, since all subjects
also received either of these two treatments in the titration phase for the high dose panel.
Bioequivalence was shown for the 10 mg Lu 26-054 (using pooled data from the 10 and
30 mg Lu 26-054 dose groups) compared to the 20 mg racemic-CT (using pooled data
from the 20 and 60 mg racemic-CT dose groups); i.e., the 90% confidence intervals for
both Cmax and AUC were within 80-125% (Table 11).

/!
Table 6<20. Relative Bioequivalence Analysis for Escitalopram: Pooled Data from
10 mg and 30 mg Escitalopram vs. Pooled Data from

20 mg and 60 mg racemic CT

ESCITALOPRAM ’ -
| Parameter | Ratio of Means i 90% Confidence Intervals I
[ Coae (ng/mL) I 0.942 ' 0.888 - 0.999 ;

AUCoy (ngeht/mL) ! 0.941 0.895 —0.989 |

S-DEMETHYLCITALOPRAM ,

Parameter | Ratio of Means ; 90% Confidence Intervals |
L—_‘_'____'_____-V“ e e - ——— e M
| Cax (ng/mL) ' 0.940 : 0.886 - 0.998

| AUCo4 (ngehr/mL) | 0914 ! 0.800 — 1.045

Pharmacokinetic parameters using pooled data from subjects who received 10
mg escitalopram treatment (10 mg and 30 mg Lu 26-054 dose groups) and pooled data
from subjects who received 20 mg racemic-CT (20 mg and 60 mg racemic-CT dose
groups) have been shown in Table 12. No statistically significant differences in the Cmax_._—
Tmax and AUC of S-citalopram or s-desmethylcitalopram were observed between the two
treatments in each dose panel (Table 12).

APPEARS THIS WAY
ON ORIGINAL
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P
Table 621.  Siugle Dose Pharmacokinetic Parameters (Mean £ SD) of Escitalopram
and S-DCT on Day 1 in a Multiple Dose Study of Escitalopram (10 mg/day and 30 mg/day)
and Racemic CT (20 mg/day and 60 mg/day) in Two Panels of Healthy Subjects

ESCITALOPRAM
Escitalopram Dosage Groups (10 mg)* i Racemic Citalopram Dosage Groups (20 mg)*
."10'mg Escitalopram ; 30 mg Escitalopram  ° 20 mg racemic CT 60 mg racemic CT
=17} | (n=16) =17 'n=16)
Cras (ng/mlL) 95%3.0 18624 T10.1x30 9.0+19
Tas (hours) 4.1x2.1 ! 4324 3.8x£22 (43+£24
_AUCp.» (ng-hr/mL) 138.1%37.6 $1364£479 115021483 ]140.6+384

S-DEMETHYLCITALOPRAM

, Escitalopram Dosage Groups (10 mg)*

'i Racemic Citalopram Dosage Groups (20 mg)® '

10 mg Escitalopram | 30 mg Escitalopram . 20 mg racemic CT 60 mg racemic CT

' (n=17) i (n=16) . (n=17) (n=16) :
Coar (n/mL) $1.6+04 i . 1.5%05 ;L7206 1505
Tmax (hoUTS) S 12.0+49 | 152+79 L2052 1.1x7.0 :
AUCq.4 (ngehr/mL) 286 11.0 _213+127 1343111 276+ 121

? On Day 1, all subjects in the 10 mg and 30 mg escitalopram received 10 mg escitalopram and those in the 20 mg racemic
CT and 60 mg racemic CT groups received 20 mg escitalopram

Multiple Dose:

Following multiple dosing, both S-CT and S-DCT (10 mg escitalopram vs 20
mg racemic-CT) were bioequivalent (Table 13). When 30 mg escitalopram was compared
with 60 mg racemic-CT, S-CT was not bioequivalent but S-DCT met the bioequivalence
criteria (Table 13). Mean pharmacokinetic parameters of ~S‘-citaloprarﬁ and its metabolite
S-demethylcitalopram have been summarized in Table 14.

Peak concentrations for Lu 26-054 were achieved at approximately 3-4 hours
for all dose groups. Steady state was achieved after 10 days of dosing. No statistically
significant differences in pharmacokinetic parameters were observed between the two -
treatments in each dose panel. The mean oral clearance values ranged between 30-38 L/hr
for all treatments. Based on Cmax and AUC values, S-DCT levels were approximately
35% of S-CT. Based on the Cmax and AUC values, the S-DDCT levels were
approximately 2-4% to that of S-CT.
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{
Table o=22.

Relative Bioequivalence of Escitalopram: 10 mg Escitalopram vs.

20 mg racemic CT and 30 mg Escitalopram vs. 60 mg racemic CT

i ESCITALOPRAM

10 mg Escitalopram (test) vs. 20 mg | 30 mg Escitalopram (test) vs. 60 mg
: racemic CT (reference) } racemic CT (reference)
! . ' nfi - ’ 9
i Parameter Ratio of Means* ?::fw(;?s idence | Ratio of Means ?&fw(ic‘)snﬁdcncc :
! Croax (ng/mL) 0.861 0.818-0.907 | 0.837 0.795-0.882 i
i AUCq.24 (ngehr/mL) | 0.879 0.837-0.923 : 0.845 0.789-0.906

: S-DEMETHYLCITALOPRAM

10 mg Escitalopram

i racemic CT (reference)

(;esl) vs. 20 mg

i 30 mg Escitalopram (test) vs. 60 mg
| racemic CT (reference)

90% Confidence |

. 90% Confidence . i
5 Parameter Ratio of Means Intervals Ratio of Means Intervals [
i Cenax (ng/mL) 0.908 0.857-0.962 0.877 0.830-0.927 i
! AUCy, (ng+hr/mL) | 0.891 0.850-0.934 0.882 0.826-0.941 :

* antilogarithm of the difference of the least squares means for lbg-tramformed parameter

/
Table 623z Pharmacokinetic Parameters at Steady State (Mean & SD) of Escitalopram and
S-DCT Following Multiple Dose Administration of Escitalopram (10 mg/day and 30 mg/day) and
Racemic CT (20 mg/day and 60 mg/day) in Two Panels of Healthy Volunteers

ESCITALOPRAM
Escitalopram Dosage Groups Racemic Citalopram Doses
“lomg t 30mg ic CT c CT
* Escitalopram ! Escitalopram 20 171% ;acemxc cTr ‘ 60_mg racemic CT :
:  m=17) { (n=16) (n=17) ; (1=16)
Cruay (ng/mL) 1206103 T 64.4+£33.7 241125 1781447
Tax (hoUS) 139£18 14.1£27 35+1.1 135216
AUCq (ngehr/mL) 360.2+218.7 - 11009 £733.6 410.9 £ 255.9 1 1363.7+1043.6
ti2 (hours) 1200%11.9 .325%142 27.9+10.8 29.9%14.4
~ CLJF (L/hr) ;1 349+142 3784192 3064128 327167 i
VZF(L) } 1254742238 i 1461.0£432.5 1074.0+2343  § 1135.5£3343

- S-DEMETHYLCITALOPRAM

3

Escitalopram Dosage Groups

Racemic Citalopram Dosuge Groups

T10mg { 30 mg : ) | . I

. Escitalopram " Escitalopram ' 20:”% ;acemrc r f 60_mg racemic CT

: (n=17) _(n=16) (=17 { (=16) :
" Cyra (ng/mL) (7411 T194%44 182%12 121833 |
T (hoUTS) L7.5+28 1 6.0+£20 162225 1 6.6%26 !
| AUCoy (ngehr/mL) |, 152.0£22.7 | 396.3 % 87.9 1711294 l 44455715 |
i_ty (hours) i50.2£123 _iS41%217 14554125 | 46.2+18.0 !
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Pharmacokinetics of R-CT following administration of 20 mg and 60 mg racemic
CT:

On day 1, the Cmax, Tmax and AUC(0-24) of R-CT were comparable with the
Cmax, Tmax and AUC(0-24) of S-CT following 20 mg and 60 mg racemic CT
administration. The ratio of S to R enantiomer of AUC(0-24) was 0.83 for both doses.

The multiple dosing of racemic CT, however, resulted in higher plasma levels of
R-CT than S-CT. The ratio of S to R enantiomer for Cmax and AUC(0-24) was about
0.6 and 0.65, respectively. The half-life of R-CT (52 hrs) was about 24 hours longer than
the half-life of S-CT (28 hrs). The oral clearance of R-CT is about 50% of S-CT (14 vs
31 L/hr).

For DCT, on day 1, the ratio of S to R enantiomer for AUC(0-24) following 20
mg and 60 mg racemic CT administration was 3.2 and 7.7, respectively. F ollowing
multiple dosing, the ratio of S to R enantiomer was approximately 0.65 for both Cmaxs,
and AUC. The half-life of R-DCT (78 hours) was about 32 hours longer than the half-
life of S-DCT (45 hours). Based on Cmax and AUC values, R-DCT levels were

approximately 30% of racemic-RCT. A majority of the plasma R-DDCT concentrations
were below the limit of quantification.

APPEARS THIS WAY
ON ORIGINAL
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Jadfe 4R

auet-19 - Single dose pharmacokinetic parameters (mean + SD) of the S- and

R-enantiomer of CT on day 1.

S-ENANTIOMER OF CT
- . L 26-034 Dosage Groups : Cualopram Dosage Groups
10 mg Lu 26054 grovp . 30 mg Lu 26-0549 group . WOmgCTgronp 0mgCl0growp
: i (=17) : fr=16) . (=17 : (n=16) !
' 10 mg Lu 25054 10 mg Lu26-05¢ 20mgCT 20mgCr
TCantogml) 935230 56524 ETYYEY 90:15
Coua (0M) b 293492 265+74 311492 2174556
" Toas (h) 41221 43424 18422 ) 43124 :
. AUCq, (ng-h/ml) 13814376 13644479 1502+ 483 : 1406384 ;
L avc,,, (nM-h) 42531158 4200 £ 475 4626+ 1488 433041183
T R-ENANTIOMER OF CT o 1
~~~~~~ * : Lu 26-03¢ Dosage Groups : Ciralopram D;agv Groups
T §HOmELu 26056 group | J0mg L 26056 prowp | F0mg Clarom S0mg CTa growp 1
' (n=)?) =16} (n= 17 (a=16)
10mg Ly 26054 10 mg Lu 26-054 J0mgCT 20mgCT
o Z@FAB NC* NCT T T e Y Py i—
Cosa (nM) b NC NC 33671 302443
Tow (h) NC NC 44126 50825
AUC,,, (ng-h/ml) NC NC 183.7£34.7 17012 274
AUC,,, ("M-h) b NC NC $65.8 £ 106.9 52391 84.4

@) Due to the (itrasion design of the :Iua-)l,‘all subjects in the 30 mg Lu 2

received 10 mg Lu 26-054 and 20 mg CT, respect

6-054 and 60 mg .CT éroup.r
wely, on day 1; bj conversion factor to convers ng/mlL

tonM =308 322 337 Jor CT, DCT and DDCT, respeciively; ¢) not calevlated.

Table 148

Panel 12 - Single dose pharmacokinetic
R-enantiomer of DCT on day 1. '

parameters (mean £+ SD) of the S- znd

a) Due to lhe— ;;'lralion é;:;gn :)/
received 10 mg Lu 26-054 and 2

3.08 3.22 3.37 for CT, OCT and DOCT,

the :lm'zfv, all :u-t;jécr::- i:rhe 30 ;ng Lu 26-634 and 60 .
0 mg CT, respectively; bj conversion

Jactor to comvert
respectively; c) not calculated,

S-DEMETHYLCITALOPRAM
,_— T : Lu 26-05¢ Dosage Groups . Citaloprom Dosage Groups -
R mElu 26034 group  J0mgLu26050 group | omgCrpowp 50 mg CTl graup
(n=17) ‘ (=16} =17 (n=16}
;_-m_-‘ﬁl__tgwﬁﬂ_;._‘“’fﬁ‘i‘ﬁ’_‘___“.mmﬁ_ Wt
¢ Com {ng/ml) ' 1604 1505 L1206 } 15208 .
) Coa (NM) & $2£13 48206 . 55219 |' 48416
! T () 120249 152479 . R6+52 i 1312720
AUC,.,, (ng-tvmL) 2864110 2134127 34329). 226+ 12.1
;i(_’& (nMeh) b 92.1£35.4 8792409 o 11044359 ﬂ £390
. R-DEMETHYLCITALOPRAM
T T Lizsese Dosage Groups T T Caatopram Dosage Groups "
T 10mg Lu 26050 groug 30 mg 1w 26.0570 coup WmeCToowy  GOmg Clagrog
fn=17) (n=18} (=17 ) {0‘16)
e e, 0mglude0se | JOmeluledst HomeCT 1 WmeCT
Coe {ng/miy NC* NC 0.7£0.7 04£056
Co.laM) b NC NC 23423 : t3st9
T () NC NC 180463 (n=10) 173475 (m=-¢)
AUC,,, (ng-WmL) NC NC 108115 36452
{\U_(},‘ (nMeh) & NC NC 3484370 11.64 )67

mg CT groups
ng/mL 1o nM -



Table lje

Lanel14 - Pharmacokinetic parameters at steady state (mean  SD) of the S- and
R-enantiomer of CT after multiple dose administration of Lu 26-054 (10
mg/day snd 30 mg/day) and CT (20 mg/day and 60 mg/day)

. S-ENANTIOMER OF CT
Lu 26-034 Dosage Groups ) Citolopram Doses N
" 10mg L1y 26-05¢ (n=17) : 30.:[.-' :)Mﬂ ;. 0mgCTn=17} 60mg CT (n=16) .
; : tn= : .
T Coee (ng/mL) 206+ 103 6442317 2412125 12447 :
 Cau loM)® 6344317 198441038 7424385 4051317
T 319418 41221 , 3511 35¢16
© AUC,,, (ng-he/mL) 360242187 11009+ 233.6 410942559 1363.7 2 1043.6
AUCyq, (nMebe) & 1109.4 1 673.6 3390.8 £ 2259.5 1265.6 £ 7882 4200243214 3
L () 20419 252142 2792103 1994 144
CUF UM K9x1a2 MN22192 306+ 128 3272167
- VZfF (L) 1254722238 14610 ¢ 432.5 1074042343 135543343
: R-ENANTIOMER OF CT .
L 26.054 Dosage Grovups ! Cltalopram Doses —-‘
- - 10mg L 26-05¢ (n=17) 30 mg Lu 26054 20mg CT (= 1) 60mg CT famls)
(h=16}
e (ngml) NCe T T Nee 3961116 12322335
Cour (M) & NC NC 12204357 379.5 4 1032
ST NC NC 47421 1219
AUC,,, (ng*hi/mL) NC NC 771322365 23626 4 796.3
AUC,,, (nMrhy & NC NC . 2375647284 72768+ 24526
o () . NC NC D s2ssn2 512498
CUF (L) : NC NC T 140£).8 i 422350 !
VuF (L) NC NC 9973£2195

a) NC- nolﬂcalcula!ed

b) conversion factor to convert ng/ml to nM = 3.08 (CT)

Tadle 192
Pansli6

- Pharmacokinetic parameters at steady state (meaﬁ + SD) of the S- hnd

R-enantiomer of DCT after multiple dose administration of Lu 26-054
(10 mg/day and 30 mg/day) ard CT (20 mg/day and 60 mg/day)

S-DEMETHYLCITALOPRAM
_________ Lu 26054 Dosage Growps . Clialopram Dosage Groups ,
- D I0mg Lu26-05¢ (n17) . 30 mg Ly 26-05¢ 20mgCTin=17) -  60mgCT(nmle)
. (n=16) i
C (ng/ml) 74211 194244 | 82112 21833
CCos (nM)? 238235 62.5¢14.2 26139 7024106
To(h) 75428 60220 62225 66426 :
' AUC,,, (ng-i/mL) 15202227 19634 879 17142294 “L5:71s :
AUC,,, (M1 b 48942731 1276.1 « 283.0 550.9.£94.7 1431342302
o) 5022123 Sete211 4552125 4624180
T - R-DEMETHYLCITALOPRAM T
_____ - Lu 26-054 Dosage Groups - Citalopram Dosage Groups
o ' 10mg Lu26-054 (n=17) 30mg Lu 26-05¢ 20mgCT(n=17) 60 mg CT (n=/g)
. (n=16)
T tagimL) NCa NCE 1926 338163
Can(nM) b NC NC 383184 108.4£209
" Ve (B} NC NC ! 83£25 69+26
AUG,,, (ng°/mL} NC NC 25292608 704.3 2 160.0
AUC,,, (nM-h) [ NC NC ’ 214321958 22678+ 5152
tafh) NC NC 812236 76121338

a) I—Vé:ot calculated

b) conversion factor to converi ng/ml 10 nM = 3.22 (DCT)



Gender Effect:

Comparison of the Lu 26-054 pharmacokinetic parameters in male and female
subjects revealed no statistically significant gender effects for any of the four treatments
though females have higher plasma levels (Table 15).

In subjects receiving 10 mg Lu 26-054 the mean Cmax and AUC values were
36% and 50% higher in females than males, whereas in subjects recéiving 20 mg
citalopram the mean Cmax and AUC values were 35% and 50% higher in females than
males. ’

In subjects receiving 30 mg Lu 26-054 the mean Cmax and AUC values were
19% and 30% higher in females than males, whereas in subjects receiving 60 mg
citalopram the mean Cmax and AUC values were 26% and 33% higher in females than

Ed

males. N
With the exception of the 30 mg dose group in which a significantly higher
Tmax (5.1 hrs) was observed in the females compared to the males (2.9 hrs), no other
statistically significant differences were observed in the other dose groups for Tmax.
For S-DCT, the Cmax and AUC values were not statistically different between
male and female subjects in all dose groups except for the 20 mg racemic-CT dose group

in which significantly higher Cmax (26%) and AUC (32%) values were observed for the

females compared to the males (Table 16).

APPEARS THIS WAY
ON ORIGINAL
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e
Table B.g: Comparison of Pharmacokinetic Parameters of Lu 26-054
Between Male and Female In a2 Muiltiple Dose Two-Way Crossover Double
Blind Study (Study 98107)

Males

Females

10 mg Lu 26-054 (males, n = 8; females; n = 9)

Cau (ng/mL) 17.3%6.6 2362124
Tuas (hours) 36220 41416
AUCox (ng-he/mlL) 284,41 1354 427.5+£2623
twz (hours) 250271 3252145
CL/F (L) 40.4£13.2 300%14.0
V2/F (L) 13467+ 2445 1172921786
30 mg Lu 26-054 (males, n = 7; females, n = 9)
Caus (ng/mL)’ 58.1£35.6 6934335
Toae (hoUTS) 29207 51£33
AU, (ng-he/mL) 9434 £7474 1223327427
ts2 (hours) 30.1 £16.4 34.4£129
CLF (L/mr) 442x212 3282170
Vz/F (L) 1538.9=2 3973 1400.3 2 4722
20 mg rac-CT (males, n = 8; females, n = 9)
Cau (ng/mL) 203+7.66 274154
Tau (hours) 34212 36+1.1
AUCyy. (ngehrfmL) 3263+1399 4862 = 316.7
tyz (hours) 250284 305125
CUF (Uhr) 35.0%120 2672130
V2F (L) 11574+ 2350 999.9+219.8
60 mg rac-CT (males,n=7; females,n=9) . --
Cou (ng/mL) 61.9+440 861462
Taw (hours) ERF DR 38+18
AUCq4 (ng-hr/ml) 1148.0 = 10302 15314+ 1083.5
112 (hours) 26.1£134 329153
CUF (L) 383£179 2822155
VF (L) 1185.6 £ 301.6 1096.6 = 369.5
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Table 83T Comparison of Pharmacokinetic Parameters of S-
Demethylcitalopram Between Male and Female In 2 Multiple Dose Two-
_Way Crossover Double Blind Study (Study 98107)

Males Females

10 mg Lu 26-054 (males, n = 8; females, n = 9)

Cous (ng/ml) 68210 80x1.06
Tau (hours)} 75+33 74124
AUCa (ngshe/mL) 1333£19.1 . 164.2£19.0
12 (hours) 466114 53.4%129

30 mg Lu 26-054 (males, n = 7; females, n = 9)

Cau (ng/ml) 192438 195250
Tau (hours) 60223 60£20
AUCq. {ngehr/mL) 38142710 407.94 1017
1,2 (hours) 4932149 5184260
20 mg rac-CT (males, n = §; females, n = 9)

Cass (ng/ml}) 72:08 9107
T (hours) 6519 60222 %
AUCo,4 (ngohe/ml) 146.2+18.1 1932166
1.1 (hours) 438290 4704153

. 60 mg rac-CT (males, n = 7; females, n =9)
Con. (ng/ml) 215243 .220%26
T e (howrs) 6625 67+28
AUCq4 (ngohe/mL) 426.6 £ 84.0 45842 61.6
tua (hours) - 4312180 48.6£18.7

Interconversion of S-enantiomer to R-enantiomer:
Measurable (low) plasma concentrations of R-citalopram were observed for
several subjects who received 30 mg Lu 26-054. This was expected since a small
percentage of R-citalopram (approximately 2%) is present in the Lu 26-054 drug
substance and finished product. Also, small amounts of R-CT were observed in the pre-

dose Day 1 samples suggesting a carry-over effect at steady state. Overall there was no

evidence for interconversion from the S- to the R- enantiomer.

Conclusion:

In this multiple dose two-way crossover double blind study, S-CT was rapidly
absorbed, with peak plasma concentrations occurring at approximately 3-4 hours for all
dose groups. No statistically significant differences were observed in the Tmax values
for both S-CT and S-DCT in both dose panels. The 90% confidence intervals for both

S-CT and S-DCT following multiple dose administration of 10 mg S-CT and 20 mg
29



racemic-CT were within 80-125% indicating that 10 mg S-CT is bioequivalent with 20
mg racemic-CT. Following the administration of 30 mg S-CT and 60 mg racemic-CT,
the 90% confidence intervals were within 80-125% only for S-DCT but the 90%
confidence intervals for S-CT was slightly (79%) outside of this interval for both Cmax
and AUC.

The half-life values for S-CT (28 hours) were lower than those of R-CT (52
hours). S-Demethylcitalopram and s-didemethylcitalopram levels were approximately
30-35% and 2-4% those of the parent compound, respectively. No statistically
significant gender differences were observed in this study. There appeared to be no

interconversion of S-citalopram to R-citalopram.

APPEARS THIS WAY
ON QRIGINAL
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Figure 6-18. Mean Plasma Concentrations of Escitalopram Follawing Multiple Dose
Administration of Escitalopram (10 mg/day and 30 mg/day) and Racemic Citalopram (20 mg/day

Concentration (ag/mlL)

and 60 mg/day) in Two Panels of Healthy Subjects.

120

—@— 10mgESC.n=17
~O~- 10 mg ESC,aw |§
& 20mg e T .a~17
—~®—~ 6O mprac.CT a=16

0 -§

5o K

30 §

o 24 48 72 86 120 Y44 168 192 216 243
Time (hours}

Figure 6-#9. Mean Plasma Concentrations of S-Demethylcitalopram Following Multiple Dose
Administration of Escitalopram (10 mg/day and 30 mg/day) and Racemic Citalopram (20 mg/day
and 60 mg/day) in Two Panels of Healthy Subjects.

Concdnirotinn fagm i}

A I mpreeCT. e+ 3
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Study #5

Title: A multiple dose pharmacokinetic study of Lu 26-054 in healthy elderly and young
subjects (SCT-PK-05).

The primary objective of this study was to determine the pharmacokinetics of
escitalopram (S-CT) and its metabolites, S-demethylcitalopram (S-DCT) and S-
didemethylcitalopram (S-DDCT) following multiple-dose administration of
escitalopram in healthy elderly and young male and female subjects.

This was an open, multiple-dose study in 18 young (18-35 years, 9 males and 9
females) and 18 elderly (>65 years, 9 males and 9 females) healthy subjects. All subjects
received a single 10-mg tablet of escitalopram (batch #99030C) daily for 21 days.
Subjects fasted overnight for 10 hours before administration of drug on days 1 and=21.
Blood samples (7 mL) were collected at frequent intervals over a 24-hour period after a
single dose on Day 1, at 0.0 hour on Days 8, 10 and 15, at frequent intervals over a 24-
hour period on Day 21 and at 48, 72, 96, 120, 144, 168, and 192 hours post-day 21 dose
for the determination of S-CT, S- DCT and S-DDCT. Plasma concentrations of S-CT.
S-DCT and S-DDCT were determined by LC/MS/MS method. The lower limit of
quantification of escitalopram and its metabolites in plasma was ¢ ————

After Day 1 dosing, though the Tmax was one hour longerin the elderly (6.2 +
1.1 h) as compared to young subjects (5.1 + 1.5 h), both Cmax and AUC for
escitalopram were comparable between the two groups (Table 17). For S-DCT, there
were no statistically significant differences in Tmax, Cmax and AUC values between the
elderly and the young subjects (Table 17).

Following multiple dosing on Day 2 I, the Tmax of S-CT between the elderly
and young subjects was comparable (Table 18). However, the Cmax was approximately
32% and the AUC(0-inf) was 50% higher in the elderly compared to the young subjects.
The half-life in the elderly was also longer compared to the young subjects (41.0 vs.
27.3 h). For S-DCT, the Cmax, AUC and t¥ values were 45% higher for the elderly
compared to the young subjects (Table 18). Steady state was achieved by the end of

one week of dosing. The accumulation ratio was 4.6 + 1.2 and 3.3 + 0.7 in the elderly
and the young, respectively.

S-DDCT levels were barely higher than the detectable levels (0.5 ng/mL) to
estimate pharmacokinetic parameters. Following a single dose, the highest
concentration achieved was 0.52 ng/mL in a female subject. Following multiple

dosing, the highest concentration achieved was 3.3 ng/mL in an eldely subject.
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Table 6=88. Pharmacokinetic Parameters (Mean % SD) of
Escitalopram and S-DCT Following a Single Dose (Day 1)
Administration of S-Citalopram Tablet (10 mg) in
Healthy Elderly and Young Subjects

EscrraLoPraM

| ! Elderty (ne18) | Young (n~18) | pvalue |
T oas(b) E 62511 | sa +15 | oon §
Cond(ng/mL) | 12027 _: 123£33 | 0804
'AUCqaq(ngrhiml) . 180.1£359 , 1766%512 | O081S
|s-DEMETHYLCTTALOPRAM o
) 1 142182 ¢ 1273 | 0234
E_u(nglmx,) ! 16+0s I 18405 | 018
IAUCosm(ng-hriml) | 284495 | 3394100 | 0080

13

Table éxo. Pharmacokinetic Parameters (MeaniSD) of
Escitalopram and S-demethylcitalopram Following = 21-day
Administration of Escitalopram Tablets (10 mg/day)

in Healthy Elderly and Young Subjects  /

IEscrraLopram !
| Elderly (n=17) | Young (n=18) : p-valuc-i
Toudb) 55+ 15| 48 + 16 0153
lC.(ng/mL) D300 & 127|227 £ 75 0033
| AUC(0y (ngehi/mL) L5353 & 22193622 * 146.0° 0.008 |
ti(h) baro » 115|273 + 9.03é 0.000 I
| CLs/F(L/hr) L ale + 86322 4 140° 0010 |
gv,/m.) {11956 + 3460 1175.7 £ 418.8] 0936 .
S-DEMETHYLCITALOPRAM | - - ,
T T T es x sa| 64 x 21 oma
'Coruu(g/mL) 89 & 36 61 % 2.3:l 0.008
) | 684 + 196|468 ¥ 123} 0000 |
AUCg ..y (ngshr/mL) 2177.2 + 62511192 + 43.8:5 0.002 ;
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Effect of Gender:

Table 19 summarizes the mean pharmacokinetic parameters of escitalopram
following administration of escitalopram tablets (10 mg) in male and female volunteers
for 21 days. Maximum plasma concentrations were achieved at around 5.9 hours in male
subjects. This was longer than the Tmax in female subjects (4.1 h). Both the Cmax (30.3
vs. 23.0 ng/mL), and AUC (506 vs 401 ng*hr/mL) were higher in females than males.
The difference in the Cmax and AUC between male and female subjects disappeared
when these parameters were normalized based on body weight (Table 19). There was no
difference in half-life values between male and female subjects.

There was no statistical difference in the pharmacokinetic parameters of S-DCT
between male and female subjects (Table 20).

, /9 ss

Table 85 Pharmacokinetic Parameters (Mean 2 SD) of Escitalopram

Following 21 days of Escitalopram Tablets (10 mg/day) in Healthy Male and
Female Volunteers.
Females (n=18") Males (n=18) p value

T (D) Alz 16 59+ 14 0.009
Cax(ng/mL) 3034 118 230+ 8.8 0.030
Coax(ng/mL)* 27.7% 129 257+ 9.1 0535
Tin(h) . 333+ 145 464 9.7 0.707
AUCp.3a) (ng*he/mL) 50583 2319 4007 3+ 164.4 0.090 .
AUCq sa (ngehr/mL)* 4649+ 2488 4506+ 1759 0.813,;

* Body weight - normalized 10 20 kg
*. | did pot affect e satistical resuis when subject 29 was cxcluded.
Conversios factor 10 coavert ng/ml. to nM ~3.08

20

Table 86 Pharmacokinetic Parameters (Mean + SD) of S-DCT Followlnig 21

days of escitalopram Tablets (10 mg/day) in Healthy Female and Male
: Yolunteers.

Fermale (n=18) Male (n=18) - p value
T max(h) 60+ 15 72+ 52 0.353
Coaa{g/mML) 844+ 32 66+ 3.1 0.062
Cae{DR/mL)* 76+ 34 15+ 35 0.882
T1a(h) 568+ 228 5843 161 0.765
AUCq 30 (ngehe/ml) 1645 622 1320+ 564 0.070
AUC 30y (ngebr/mL)* 149.7 + 66.8 1506 + 64.2 0.959

* Body weight - aormalized to

: kg
Comversion fackr 10 coavert Rg/ml 10 aM =3.22
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Figure 64-2. Mean Plasma Concentrations (Mean £ SD) of S-Citalopram Following a 21-Day
Administration of S-Citalopram Tablets (10 mg/day) in Healthy Young vs. Elderly Subjects.

-

Concentration {ng/mL)

[} 24 49 12 9 120 e 188 192

Time(hours)

Figure 64-3/ Mean Plasma Concentrations (Mean % SD) of S-Demethylcitalopram Following a
21-Day Administration of S-Citalopram Tablets (10 mg/day) in Healthy Young vs. Elderly Subjects

Concentration (ng/mL)

Time (hoyrs)

APPEARS THIS WAY
ON ORIGINAL
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Study #6

Title: A Comparison of the Pharmacokinetic Interaction of Metoprolol with Lu 26-054 or
Paroxetine in Healthy Young Subjects (Study #SCT-PK-03).

Studies in human liver microsomes have shown that escitalopram undergoes
metabolism via the cytochrome P450 (CYP) system. Specifically, the CYP3A4 and
CYP2C19 isozymes have been shown to be responsible for the conversion of
escitalopram to its principal metabolite, S-DCT. Conversion of S-DCT to S-DDCT, the
S-enantiomer of didemethylcitalopram is mediated mainly by CYP2Dé. Recently, studies
in human liver microsomes have shown that escitalopram, S-DCT, R-CT (R isomer of
CT), and R-DCT (R isomer of DCT) are weak or negligible inhibitors of human
éytochromes (CYP) 1A2, 2C9, 2C19, 2El and 3A. Furthermore, R-CT, S-CT and SDCT
produce negligible inhibition of CYP2D6.

Paroxetine (Paxil®), a marketed SSRI indicated for the treatment of depression
has been shown to be metabolized in part by the CYP2D6 isozyme and is also a potent
inhibitor of this isozyme. During the clinical use of either escitalopram or paroxetine,
some patients may be receiving other medications concomitantly. One such medication is
metoprolol, which is widely used in the treatment of hypertension, angina pectoris and to
prevent recurrence of myocardial infarction. CYP2D6.is responsible for the conversion of
metoprolol to its primary metabolite, o-hydroxymetoprolol. Concomitant administration
of metoprolol with the inhibitors of CYP2D6 may result in an increase in the plasma
concentrations of metoprolol. '

The objective of this study was to compare the effects of paroxetine (40 mg) with
that of escitalopram (20 mg) on the pharmacokineties and pharmacodynamics (blood
pressure, pulse and psychomotor assessments) of metoprolol (100 mg) in healthy young
subjects.

This was a double blind, parallel, randomized, multiple dose study in young (18-
35 years) healthy male and female subjects. A total of 30 subjects entered the study.
Subjects took one metoprolol 100 mg tablet on Day 1, followed by a 7-day washout
period. Subjects were then randomized (i.e., 14 subjects per group) to receive double
blind treatment with either one encapsulated escitalopram 10 mg tablet once daily for 7
days followed by two encapsulated escitalopram 10 mg tablets once daily for 21 days, or
one encapsulated paroxetine 20 mg tablet once daily for 7 days followed by two
encapsulated paroxetine 20 mg tablets once daily for 21 days. On the last day of either

escitalopram or paroxetine dosing, the subjects also took one metoprolol 100 mg tab.l.et

36



concomitantly. Blood samples (10mL each) for determination of metoprolol in plasma
were collected from each subject at 0.0 hour (pre-dose), 1, 2,3,4,5,6,7,8, 12, 24 and
48 hours after 0800 drug administration on Days 1 and 35. Blood samples (10 mL each)
for determination of escitalopram, Paroxetine and metabolites in plasma were also
collected from each subject at (pre-dose) on Days 8, 15, 22, 29, 33, 34, 35 and 40.
Escitalopram concentrations were determined by "

= ...(0.5mL plasma). The lower limit of quantification was —— . .. Paroxetine

concentrations were measured using  ~" sS

—  1(0.6mL plasma). The lower limit of quantification was —

Metoprolol and its metabolite were determined by’ -_— . .
e (0.25 mL plasma). The lower limit of quantification was ===

ng/mL.

Twenty seven subjects completed the study. The pharmacokinetic parameters of
metoprolol have been summarized in Table 21 given with or without escitalopram or
paroxetine. Co-administration of metoprolol with escitalopram or paroxetine resulted in
increased levels of metoprolol. The Cmax of metoprolol increased by 53% and 120%.
following escitalopram or paroxetine administratién, respectively. A 2-fold and 4-fold
increase in the AUC(0-inf) of metoprolol was observed following escitalopram or
paroxetine administration, respectively. The half-life of metoprolol increased by one
hour after escitalopram administration, whereas a 2-fold increase i,n‘ half-life was
observed when metoprolol was given with paroxetine.

PPEARS THIS WAY
A N ORIGINAL
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Table 44. Mean Pharmacokinetic Parameters (Mean X SD) of Metoprolol With or
Without Either Escitalopram or Paroxetine in Healthy Subjects

?EFFECT OF ESCITALOPRAM
: Meroprolol Alone  \Metoprolol + Escitalopram’ fues |
: Day1):(N=15) ' (Day3sp=15 P
IC e (ng/mL) 160.6 £ 81.1 244.1£75.7 'I 0.007
“Timax (hOUTS) 17405 2105 | 0.028
AUC,, (ng*hr/mL) 953.7 £ 670 17701£7056 | 0.003
i |
AUCo s (ngehr/mL) 998.8 £ 706.2 18266£709.1 0.003
4 (hours) 3313 46+15 ‘ 0.014
‘CL/F (L/r) 150.7 £ 93.2 63.8+26.8 0.003
VI (L) 607.9+ 2892 390+ 110.3 ! 0.014
‘EFFECT OF PAROXETINE
T T T T Metoprolol Alone . Metoprolol + Paroxetine i 1nos |
(Day 1); (N=12) (Day 35): (N =12) P&
Copae (ng/mL) ! 153.5 % 69.1 .‘ 339.6462.8 0.000 |
: I !
“Torax (hoUTS) 24208 . 23£08 0.603 |
{AUCq, (ngehr/mL) 1190.6 £ 957.9 4524.9 +1350.3 0.000
'AUCq.i¢ (ngehr/mL) 1250.2 9819 4739.8 + 1393.7 0.000 |
1% (hours) 39+17 86£18 0.000 |
CL/F (L/hr) 1452+ 143 } T 233x88 0013 |
Va/F (L) I 618.9 + 354.2 273.2+54.1 | 0.006 |
APPEARS THIS WAY
ON ORIGINAL
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Figure 6. Mean Metoprolol Concentrations Before (Day 1) and During Escitalopram
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Co-administration of metoprolol with escitalopram or paroxetine resulted in
decreased levels of o hydroxy-metoprolol. The pharmacokinetic parameters of
o—hydroxymetoprolol have been summarized in Table 22 when given with or without
escitalopram or paroxetine. The Cmax of a—hydroxymetoprolol decreased by 36% and
93%, following escitalopram or paroxetine administration, respectively. The AUC(0-t)
of a-hydroxymetoprolol decreased by 13% and 94% following escitalopram or
paroxetine administration respectively. The half-life of o—hydroxymetoprolol increased
approximately by 1.5 hour after escitalopram administration, whereas almost 2-fold
increase in half-life of a—hydroxymetoprolol was observed when metoprolol was given
with paroxetine.

Following coadministration of metoprolol with escitalopram or paroxetine, plasma
concentrations of metoprolol were increased compared to those when metoprolol was
administered alone, although the effects of escitalopram were less than that of paroxetine.
The decrease in plasma concentrations of o-hydroxymetoprolol were also more
pronounced during paroxetine coadministration than with escitalopram. The larger effect
of paroxetine on Cmax, AUC, and half-life compared to escitalopram is likely due to the
pronounced inhibition by paroxetine of CYP2D6, the isozyme responsible for the
metabolism of metoprolol to o-hydroxymetoprolol. The results indicate that paroxetine is
much more potent inhibitor of CYP2D6 than escitalopram.

The Sponsor concludes that the subject-rated visual analog scales for alertness,
coordination, confusion, and anxiety showed no clinically relevant changes in scores
obtained when metoprolol was administered alone or concomitantly with either
escitalopram or paroxetine despite the observed pharmacokinetic interaction between a
single dose of metoprolol and multiple doses of escitalopram or paroxetine. Neither -
concomitant escitalopram nor paroxetine treatment affected the metoprolol induced
changes in blood pressures and pulse rates. Concomitant use of escitalopram and
metoprolol did not affect the overall safety profile of either drug.

APPEARS THIS WAY
ON ORIGINAL
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Table &R2. Mean Pharmacokinetic Parameters (Mean +SD) of a-Hydroxymetoprotol
With or Without Either Escitalopram or Paroxetine in Healthy Subjects

EFFECT OF ESCITALOPRAM
Metoprolol Alone (Day 1) | Metoprolol + Escitalopram : lies |
N =15) (Day 35); (N=15) | Pvaes

Coax (ng/mL) 659 % 283 42.1£19.1 | o012
T, (houss) 22414 3616 0017 |
i {
|AUCs, (ngehr/mL) 672.5+232.1 559.1230.9 0.190 !
;AUCO, (ngehr/mL) 7477+ 230.7 651.6 % 247.8 0281 |
! {
[t% (houss) 7322 8919 i 0.055 |
'r y - A 3
!EFFECT OF PAROXETINE :
| i ) B -
! l Metoprolol Alone (Day 1) | Metoprolol + Paroxetine | ] :
; : (N=12) (Day35); (N=12) . Palues i
: | L
1Corex (ng/nL) '- 5124298 3.5+3.1 . 0000 |
H : !
T ax (hoUTS) I 25£1.2 81151 L0209

] ‘ H
AUG,, (ngehr/ml) | 553.5£2203 34+34 | 0000 |
\AUC,._ (ngsht/mL) | 636 £223.5 153 + 36.1° ' 0.003
i i . ; !
it (hours) i 83231 14.8 +5.1 ;oo |

* N=9 (a-hydroxymetoprolol concentrations were undetectable in 3 subjects after -
coadministration of paroxetine and metoprolol)
*N=3 (1%4 and extrapolated AUC values could be estimated for only 3 subjects from the
elimination phase of their plasma concentration profiles)

APPEARS THIS WAY

ON ORIGINAL
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Figure 68. Mean «-Hydroxymetoprolol Concentrations Before (Day 1) and During Escitalopram
Coadministration (Day 35) in Young Healthy Male and Female Subjects
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Figure 9. Mean a-Hydroxymetoprolol Concentrations Before (Day 1) and During Paroxetine
Coadministration (Day 35) in Young Healthy Subjects

—e— Day 1: Metoprolot
89 4 ~o~— Day 35: Metoptolol+Paroxetine

Concentration (ng/mL)

° 10 20 30 40 50
Time (hours)

42



il

Study #7

Title: A comparison of the pharmacokinetic interaction of Lu 26-054 or fluoxetine
with desipramine in healthy young subjects (Study# SCT-PK-01).

The primary objective of this study was to compare the effects of escitalopram
and fluoxetine on desipramine pharmacokinetics in humans. A secondary objective
was to compare the effects of escitalopram and fluoxetine on psychomotor function (as
rated by the visual analog scale and Pittsburgh Sleep Quality Index) in healthy subjects
when each drug was administered alone or concomitantly with desipramine.

This was a single center, double blind, parallel, multiple dose, randomized study
in 40 young (18-35 years old) healthy male and female subjects. Subjects took one
desipramine 50-mg tablet on Day 1, followed by a 7-day washout period. Subjects.

were then randomized (20 subjects per group) to receive double blind treatment with

either one encapsulated escitalopram 10 mg tablet once daily for 7 days followed by
two encapsulated escitalopram 10 mg tablets once daily for 21 days or one
encapsulated fluoxetine 20 mg tablet once daily for 7 days followed by two
encapsulated fluoxetine 20 mg tablets once daily for 21 days. On the last day of either
escitalopram or fluoxetine dosing, the subjects also took one desipramine 50 mg tablet
concomitantly. Blood samples (10mL each) for the dgte_rminatic;n,pf desipramine in
plasma were collected from each subject at time 0, 1,2, 3,4, 5,6, 7, 8, 12, 24, 48, 72.
96, 120 hours after drug administration on Days 1 and 35. Blood samples (10 mL

each) for the determination of escitalopram, fluoxetine and its metabolite norfluoxetine
in plasma were collected from each subject at (pre-dose) on Days 9, 15, 22, 29, 33, 34
35 and 42.

Escitalopram concentrations were determined by

0.5 mL plasma). The lower limit of quantification was —
Fluoxetine and norfluoxetine concentrations were measured using —

— ‘ (I mL plasma). The lower limit of quantification was —_
ng/mL. Desipramine concentrations were determined by -~~~ ~(02mL
plasma). The lower limit of quantification was “~— ..

Thirty nine subjects completed the study. Table 23 summarizes the
pharmacokinetic parameters of desipramine on Day I (alone) and on Day 35 in
combination with either escitalopram or fluoxetine. Coadministration of desipramine
with fluoxetine or escitalopram resulted in increased Cmax and AUC values of

desipramine as compared to desipramine alone. Fluoxetine increased desipramine
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Cmax by 83% and AUC by 311% (Day 1 vs. Day 35 values). Fluoxetine increased the
half-life of desipramine from 25 hours to 67 hours, almost a 3-fold increase.
Escitalopram increased desipramine Cmax by 41% and AUC by 107% (Day 1 vs. Day
35 values). The half-life of desipramine increased by 8 hours (20.1 vs. 28.3 hrs) when
given with escitalopram. Overall, the results of the study suggested that fluoxetine is
much more potent inhibitor of CYP2D6 than escitalopram.

Significant decrease in alertness and coordination (as measured by visual analog .
scales [VAS]) as well as increases in nausea, drowsiness, and lightheadedness were
noted by subjects after a single dose of desipramine. Despite the higher concentrations
of desipramine following coadministration with either fluoxetine or escitalopram,
there were no differences observed between the change in VAS scores from the first

dose of desipramine (Day 1) and at Day 35 when desipramine was coadministered
with either fluoxetine or escitalopram.

Ed

The Pittsburgh Sleep Quality Index (PSQI), a subjective estimate of the subject's
sleep quality over the previous month, was administered at Day -1 (baseline) and Day
34 (following 27 days of either fluoxetine or escitalopram treatment. No differences
were observed between the change in scores from baseline and at Day 34 between the

escitalopram and fluoxetine treatment groups (PSQI scores indicated good sleep
quality for both treatment groups).

APPEARS THIS WAY
ON ORIGINAL
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Table 8. Pharmacokinetic Paramecters (Mean & SD) of Desipramine on Day 1

{Alone) and on Day 35 in Combination with Either Escitalopram or Fluexetine

* EFFECT OF ESCITALOPRAM . .
; Desipramine Alone ! Desipramine + Escitalopram_?
P (Day 1); (n = 20) (Day 35): (n = 20} :
| Cpue (ng/mL) i 209479 i 29.5%7.8 i
T e (hoUIS) 63+17 ; 6943 i
AUCy, (ngehr/mL) S17.1£3139 1016.2 + 660.7 :
! AUC,. (ngehr/ml) 587.3+ 3872 12183 + 1023 4 '
' 1% (hours) : 20.1+13.1 ; 2834175 '
CL/F (L/hy) l 1223742 ' 62.0 £ 362 i
V2fF (L) | 2778.2 £ 1190.2 { 1907.3  606.3
‘[ EFFECT OF FLUOXETINE
: Desipramine Alone Desipramine + Fluoxetine :
! (Day I); (n = 19) (Day 35); (n = 19)
fCrm(agmi) 19796 360£52
T nax (hours) ; 6.9+2.1 7.9+4.1
AUCo, (ngehe/mL) 660.6 % 612.7 : 2279.6 £ 369.9 ,
| AUCo... (ngehr/mL) 804.6 + 844.0 P 33053 £ 771.7
| 1% (hours) ; 2484173 ' 66.9+ 156 !
CL/F (L/hr) 120.6 + 81.1 159+3.7 i
i V2/F (L) 29113+ 1173.4 1474.0 + 202.5

APPEARS THIS WAY
ON ORIGINAL
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Figure 6-t. Mean Desipramine Concentrations Before (Day 1) and During Escitalopram
Coadministration (20 mg/day, Day 35) in Young Healthy Male and Female Volunteers
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Study #8

Title: A pharmacokinetic study of the combined administration of escitalopram and
ritonavir in healthy young subjects (SCT PK 02).

The primary objective of this study was to evaluate the pharmacokinetic
interaction of a single dose of ritonavir (600 mg) and a single dose of escitalopram (20
mg) in healthy young subjects. .

This was a single center, open label, randomized, three-way crossover study in
21 healthy young subjects (22-34 years; 10 females and 11 males). Subjects received
each of the following treatments in a randomized order, separated by an interval of 14
days:

1) a single dose of 600-mg ritonavir (6x100mg capsules)
2) a single dose of a 20-mg escitalopram tablet

3) co-administration of a single dose of 600 mg ritonavir and a single dose of a 20 mg
escitalopram tablet.

Blood samples from each subject were taken at time 0,1,2,3,4,5,6,8,10, 12.
24,48, 72, 96, 120, 144 and 168 hours after drug administration on Days 1, 15 and 29.
Plasma samples were assayed for R-citalopram, S-citalopram, R-demethylcitalopram.
S- demethylcitalopram, R-didemethylcitalopram and S;giidemethyléitalopram using a

— method. The limit of quantiﬁcéﬁon for escitalopram and its
metabolites using 0.5 mL of plasma was —

Eighteen subjects completed the study. The results of the study have been
summarized in Tables 23 and 24. The results of the study indicated that

coadministration of ritonavir did not affect the pharmacokinetics of escitalopram. The
Cmax of escitalopram was 20.9 ng/mL and 20.3 ng/mL in the absence and presence of
ritonavir, respectively. There was no statistically sign'iﬁcant difference in the AUC (639
vs 607 ng*hr/mL) when escitalopram was administered with or without ritonavir. The
half-life of escitalopram (t'2) was similar when escitalopram was administered alone
(21.9 hours) and with ritonavir (20.9 hours).

The Tmax of S-DCT was approximately 20 hours when escitalopram was
administered alone. Following coadministration with ritonavir, the Tmax was
significantly longer (36 hours). The Cmax, AUC and T1/2 of S-DCT were not affected
by ritonavir coadministration. The levels of S-didemethylcitalopram were below the

quantification limit.

Escitalopram had no effect on the pharmacokinetics of ritonavir (Table 24)."
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Table. 6.

Pharmacokinetic Parameters (Mean % SD) of Escitalopram and S-DCT

Following Administration of Escitalepram 20 mg Tablet With or Without Ritonavir

- ESCITALOPRAM

] Without Ritonavir : With Ritonavir | P value

: fn=18) : (n=18) :

 Cowe (ng/mL) 209£4.1 E 203%40 | 0714

Tonax (hoUTsS) 43216 ‘ 46+1.3 i 0.172

+ AUC. (ngehr/mL) 562.7% 1977 © 617.5%1983 ! 0.805 ;—

, AUG,... (ng*hr/mL) 607.4 + 203.8 . 6589£2035 | 0.256 ,

i 1% (hours) 21.9+56 : 209+45 0.101 -

. CL/F (L/hy) 37.0%13.6 334+£109 | 0.086

| VrF (L) 1079041662 ' 947621410 | 0001 |

: _S_——bEEME;{:'LCITALOPRAM o

T ! Without Ri!om;w'r With Ritonavir : Pvalue
(n=18) (n=18 ;

. Coe (ng/mL) 32407  31:08 ~ oas '.

. Tonax (hoUSS) 20.3%10.2 363142 0.000 :

. AUCq, (ng+hr/mL) | 2277657 271765 | 0.972 ;

! AUC,s.. (ngehr/mL) 3220+ 62.9 32402634 | 0.881 i

i 1% (hours) 528x1290 520+136 : L_ ___~0.T10 :

Table 630. Pharmacokinetic Parameters of Ritonavir Following Administration
of 600 mg Ritonavir With or Without Escitalopram

With Escitalopram

L i (n=18) ! (n=18)

' Coae (ng/mL) ? 19.1£73 i 16.5+ 8.9 :
: T (hours) | 67427 i 6.8+23
. AUCy (pgehr/mL) | 1708+ 71.7 i 158.4 4 100.1 ;
AUC,. (ngehr/mL) § 1872913 i 167551051
" t¥4 (hours) : 5.0%37 | 6.0£6.3
" CL/F (L/hr) ] 38+15 i 6.5% 111 :
VIFL) ? 232182 | 3712436 ?
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Figure 3. Plasma Coucentrations of Escitalopram when Administered Alone (20 mg) or in
Combination with Ritonavir (600 mg) in Young Healthy Male and Female Subjects
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Figure 6. Plasma Concentrations of S-Demethylcitalopram when Escitalopram was
Administered Alone (20 mg) or in Combination with Ritonavir (600 mg) in Young Healthy
Male and Female Subjects
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In an attempt to establish a relationship between plasma concentration

Study #9

and efficacy (change in Montgomery Asberg Depression Rating Scale (MADRS)

score from baseline), data from 155 escitalopram treated patients (77 on 10

mg/day and 78 on 20 mg/day escitalopram dose) were evaluated. One blood

sample was taken from each patient within 27 hours after the final dose of

escitalopram at the end of week 8 (Study SCT-MD-01). No relationship

between plasma concentration and efficacy (change in MADRS score from

baseline) was found (Pearson correlation coefficient = -0.43) over the dose range

of 10 to 20 mg of escitalopram.

An Emax model evaluated by this reviewer also failed to establish any

relationship between plasma concentration and change in MADRS score.

Change from Bascline in MADRS
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Dissolution

The dissolution of escitalopram oxalate tablets was performed using one of two methods:
1) in 800 mL of buffer, pH = 1.5 at 37°C using Apparatus 1 (baskets) rotating at 100 rpm.
2) in 900 mL of 0.1 N HC1 at 37°C using Apparatus 2 (paddles) rotating at 50 rpm.

The Sponsor also used three media at different pH. The dissolution of

escitalopram tablets was comparatively rapid in 0.1N HCI and buffer at pH 4.5 as
compared to buffer at pH 6.8.

FDA'’s proposed dissolution method and specification for escitalopram

oxalate tablets for all three strengths is as follows: )

(.

Q = 30 minutes.

APPEARS THIS way
ON ORIGINAL
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Table 6-34. Dissolution Profile for Esdta]opram
Oxalate 5 mg Tablets Used in Bioavailability Studies

Method B

mr—— ;
Lot Number PD 1286 i
iDate of Dissolution : !
‘Method Used B k

‘Time (Limit)

ilO minutes

iMean

8
RIS SN S

. .%RSD 6.7

‘Minimum

Maximum

{20 minutes :

gMcan ( 103

i%RSD 5.3

‘Minimum

T —_— -
gMaximum . i

:30 minutes ! ‘
"Mean 103 {
= - ;
'%RSD 5.1

iMinimum ; {

EMaximum i

‘Method B: »

Dissolution medium: P

Apparatus: ¢
Analytical method: ™=
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Waiver Requesf for In Vivo Bioequivalence Study:

The Sponsor is requesting a waiver of evidence of in vivo bioequivalence between
the 10 mg escitalopram commercial tablets and 10 mg escitalopram tablets used in
clinical studies based upon the product characteristics, bioavailability/bioequivalence
data and in vitro dissolution data as described below. The commercial formulation used
in the bioequivalence study was manufactured at Forest Laboratories, Ireland (the

proposed primary manufacturing site) while the clinical formulation batch was
manufactured at ~— . ——

Product Characteristics:

The escitalopram oxalate product intended for marketing (i.e., commercial
formulation) in the U.S. is an immediate release tablet and will be available in 5, 10 and
20 mg strengths. The 5, 10 and 20 mg commercial formulation tablets are et

compositionally proportional.

The 20 mg commercial and clinical formulations contain the same ingredients and
the same core tablet weight with the following exceptions: the magnesium stearate was
and the tablet shape was changed from oval to round. The two formulations (20 mg
tablets) are bioequivalent in vivo. Since the 10 mg commercial formulation has half the
amount of active ingredient and is also half of the weight as the Foﬁést 20 mg tablet, the
Forest commercial 10 mg tablet is likely to be bioequivalent to the Forest 10 mg clinical
tablet.

Comparative Dissolution:

The escitalopram tablets used in the clinical studies were manufactured by
— - whereas those intended for commercial use are manufactured by Forest
Laboratories, Ireland. The dissolution profiles of the 5, 10 and 20 mg escitalopram tablets
used in the clinical studies were compared to those of the corresponding commercial lots
(Table 6-38 through 6-46) and were comparable. By 30 minutes, the dissolution was

in all three media.

Based on the following facts that:
1. The 20 mg commercial tablet is bioequivalent to the 20 mg clinical tablet.
2. The 10 and 20 mg clinical tablets are dose proportional in vivo (up to 30 mg).

3.The 10 mg commercial formulation is proportional to the 20 mg commercial
formulation.

4.The dissolution profiles of the 10 mg clinical and 10 mg commercial tablets are similar'.
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Therefore, a waiver for bioequivalence study between the 10 mg commercial and
10 mg clinical tablets is granted.

Panel S, Compositigm of Escitalopram Commerical Tablets

STRENGTH Smg 10 mg 20 mg

INGREDIENTS (CORES) mg/Tab

% wiw | mg/Tab [ % w/w | mg/Tab | % w/w

Escitalopram Oxalate

T:

alc USP ] I
Microcrystalline Cellulose;™ Colloida! Silicon

Dioxide! Ap . ‘ ————
Croscarmellose Sodium e

Magnesium Stearate ™ wom

Total Core Weight
o —————

Total Coated Tablet Weight (mg)
Note: Tab = tablet

EARS THIS WAY
AP ORIGINAL
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6.6 Drug Formulations

The escitalopram development program described in this NDA included 8
pharmacokinetic/bioavailability studies and two phase III clinical studies performed by
Forest Laboratories or H. Lundbeck. The tablet formulations described in this section
were used in the completed pharmacokinetic and clinical studies.

6.6.1 Finished Product

The escitalopram oxalate formulations intended for marketing in the U.S. are immediate
release tablet formulations available in 5, 10 and 20 mg strengths. The round, white to
off-white, coated tablets differ in size and in the markings on the tablet indicating tablet
strength.

°6.6.2 Formulation Development

Table 6-27 through Table 6-29 lists the formulations for the 10, 20 and 30 mg =
escitalopram tablets, respectively used in the clinical studies. The tables contain the
compositional codes for each tablet formulation, the batch numbers corresponding to the
formulations, and the composition of each formulation. Table 6-32 describes the
formulation and manufacturing changes for each tablet strength investigated during the
development program. ’ :

At the early stage of drug product development, escitalopram tablet cores contained Talc
USP, Microcrystalline Cellulose NF/Colloidal Silicon Dioxide NF (Prosolv SMCC 90),
Croscarmellose Sodium NF, Colloidal Silicon Dioxide NF and Magnesium Stearate, NF.
The tablets (Compositional Code D, Table 6.24) were white to off-white in color and
were compressed to a standard oval shape at a running weight of 200 mg. This
formulation was used in a single dose study evaluating the bioequivalence of 20 mg
escitalopram to that of 40 mg racemic CT (Study 98106)'".

The next batch of tablets (Compositional Codes A, E and H, Table 6-27 through Table
6-29, respectively) contained the same ingredients as the above tablets with a nominal
increase in the amount of Talc { —— J, Croscarmellose Sodium ¢ —~  )anda
decrease in Magnesium Stearate = .— ;. The tablet cores are white to off white;
oval shaped and had an average weight of —  or all doses (10 mg, 20 mg and -
strengths). These formulations were used in a multiple dose study assessing the

bioequivalence of 10 and 30 mg escitalopram tablets to 20 and 60 mg racemic CT
(Study 98107)"2.
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The investigational drug product used in the next phase of pharmacokinetic and clinical
studies (Compositional Codes B, C and F, Table 6-27 and Table 6-28) was a film-coated
tablet containing similar tablet core ingredients that were used in the initial single and
multiple dose pharmacokinetic studies (Studies SCT-PK-01, -02, -03, -04, -05, and SCT-
MD-01). In addition to the tablet core ingredients listed above, the film coated tablets
contained Hydroxypropyl Methyl Cellulose/ , Titanium Dioxide
USP and “—— Polyethylene Glycol = The lot numbers of this formulation used
in the listed pharmacokinetic and clinical studies are presented in Table 6-32. A
pharmacokinetic study (Study 98113) in young healthy subjects using a tablet lot with
this formulation (10 mg tablet, Compositional Code C) showed that this tablet was
bioequivalent to the 10 mg Lundbeck clinical formulatlons

The drug product manufactured by Forest for commercial purposes (Compositional Code
G, Table 6-28) is similar in formulation, composition and color to that of the
investigational drug product used in clinical studies with the exccption of the shape and
tablet weight. There is a slight increase in magnesium stearate from - i to
optimize the compression process. The tablet weighs ——  This formulation was used
in the pharmacokinetic study (Study SCT-PK-04) evaluating the bioequivalence of 20 mg
escitalopram tablets (Compositional Code F) used in the clinical studies and the 20 mg
escitalopram tablets intended for commercial use’. This study showed that all calculated
90% confidence intervals for escitalopram (Cpmay and AUC) fell within the acceptance
criterion of 80 — 125% demonstrating bioequivalence of these products.

6.6.3 Composition

Table 6-27 lists by study the tablet lots of escitalopram oxalate used in clinical
bioavailability/bioequivalence, phanmnacokinetic and the phase III depression studies.
The table provides the protocol number, tablet strength and manufacturing lot number.
Table 6-32 lists the tablet formulations by strength and lot number.

The final (commercial) Forest Laboratories formulation of escitalopram tablets
(Compositional Code G) consists of escitalopram oxalate / —__ ), Talc S
w/w), Microcrystalline Cellulose ~* Colloidal Silicon Dioxide ! ™= ——
Croscarmellose Sodium = ~——~ . Magnesium Stearate © ~ ., w/w),

— ) Txtamum Dioxide{ -—— ;, Macrogol:
w/w). The total weight of this tablet is "~ This differs from the H. Lundbeck A/S
clinical formulation (Compositional Code I) i in that the latter is proportional
compositionally; i.e., all the ingredients (including inert) increase proportionally with
increasing dose.

—— —-
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In-Vitro metabolism of escitalopram

Transformation of escitalopram (S-CT). the pharmacologically active
S-enantiometer of citalopram,to S-desmethyl-CT (S-DCT), and of S-DCT to
S-didesmethyl-CT {S-DDCT), was studied in human liver microsomes and in
expressed CYPs. Biotransformation of the R-enantiomer (R-CT) was studied in
parallel. S-CT was transformed to S-DCT by CYP2C19 (X, = 65 uM), CYP2D6 (K, =
29 uM) and CYP3A4 (X, = 588 uM). After normalization for hepatic abundance,
relative contributions to net intrinsic clearance were: 37t for CYP2C19, 28%
for CYP2D6, and 35% for CYP3A4. At 10 uM S-CT in liver microsomes, S-DCT
foFmation was reduced to 60% of control by 1 uM kétoconazole, and to 80-85% of
control by $ uM quinidine or 25 uM omeprazole. S-DDCT was formed from S-DCT
only by CYP2D6; incomplete inhibition by quinidine in liver microsomes
indicated participation of a non-CYP pathway. Based on established index
reactions, S$-CT and S-DCT were negligible inhibitors (Il > 100 uM) of
CYP1A2, 2C9, 2C19, 2E1, and 3A, and weakly inhibited CYP2D6 (IC;, = 70-80 uM).
R-CT and its metabolites, studied using the same procedures, had properties

very similar to the corresponding S-enantiomers. Thus s-cT, ﬁkotrénstormed by

I

three CYP isoforms in parallel, is unlikely to be affected by drug
interactions or genetic polymorphisms. S-CT and S-DCT alsc are unlikely to

cause clinically important drug interactions via CYP inhibition.

APPEARS THIS WAY
ON ORIGINAL
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RESULTS

Inhibition studies

In all systems the positive control inhibitors produced the expected
degree of inhibition of their respective index reactions (Table 1).
CYP1A2. R- and ‘S-CT and metabolites all were negligible inhibitors of
phenacetin O-deethylation, the index reaction for CYP1RA2. None of these
compounds produced 50% inhibition. The mean ICs, fgr a-naphthoflavone was 0,2
uM, and the mean IC,, for fluvoxamine was 0.3 uM.
CYP2C9, R-CT, S-CT, R-DCT, and S-DCT were weak inhibitors of CYP2CSs, B
represented by tolbutamide hydroxylation, with less than SO% inhibition
produced even at 250 pM. R-DDCT and $-DDCT produced a moderate degree of
inhibition, with ICs values of 30.7 £:6.3) #M and 25.7 (28.0) uM,
respectively. Sulfaphenazole was a strong inhibitor (ICg=1.3 uM), and the

SSRI fluvoxamine also was a moderately strong inhibitor (IC;,=9.4 uM}.

CYP2C19. R- and S-CT were vexy weak inhibitors;';ith less tgan 50% inhibition
of S-mephenytoin hydroxylation even at 100 xM. R- and S-DCT alaa were weak
inhibitors. R- and §-DDCT were moderate inhibitors, with mean IC,, values of
18.7 uM and 12.1 uM, respectively. Omeprazole was a strong inhibitor of

CYP2C19, as was the SSRI fluvoxamine (see Table 2}.

CYP2D6, Only R-DCT had potentially important inhibiting potency versus CYP2D6,
represented by dextromethorphan O-demethylation. The mean IC;, was 25.5 (22.1}

¢M. This is very close to the inhibitory potency of sertraline, and is
?

consistent with clinical data suggesting that racemic citalopram and \
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sertraline have comparably. weak CYP2D6 inhibitory potencyTSThe SSRI paroxetine
was at least an order of wagnitude more potent (IC,=2.6 uM) than R-DCT as a
éYP2Ds inhibitor (see Table 2). Fluoxetine and norfluoxetine {(mean ICy, 2.0

and 2.7 uM, respectively) also were strong CYP2D6 inhibitors.

CYP3A, CT and metabolites all were very weak or negligible inhibitors of
CYP3A, as indicated by triazolam hydroxylation. None of the compounds (at 100
uM) produced more than 50% inhibition. Fluvoxamine and nefazodone were

moderately strong inhibitors.'¢?®

CYP2E), CT and metabolites were weak or negligible inhibitors of chlorzoxazone

6-hydroxylation, producing less than 20% inhibition at 250 uM. Ts

b4 kinetic studies: ver micro

The mean K, for biotransformation of R-CT to R-DCT was higher than for
S-CT (256 vs 165 uM) (Figure 1). Using the V_,/K, ratio ("intrinsic clearance")
as an approximation of metabolic activity at low substrate concentrations, the
mean ragio :or.S-CT exceeded that for R-CT (6.1 vs. 4.9 uL/min/mg protein),
but the difference was not stntis:jcally signitic;nt based oﬂ Student‘’s paired
t-test. .

The mean K, for biotransformation of R-DCT to R-DDCT was higher than for
5-DCT (108 va. 72 uM} (Figure 2). Based on the V_./K. ratio, intrinsic
clearance for S-DCT was slightly higher than for R-DCT (1.32 vs. 1.17
HL/min/mg protein). Furthermore intrinsic clearances for DCT formation from R-
or S-Cf both were higher than clearances for transformation of DDCT from R- or

§-DCT.

76



c ies: indi !
Table 3 shows enzyme kinetic vaiues for £orm;tion of DCT from R- and S-
CT by heterologously-expressed human CYP2C19, 256. and 3A4 (Figure 3).
Consistent with prior studies of racemic cT', CYP2D6 had the highest affinity
{lowest K.), CYP3A4 had the lowest_affinity, and CYP2C19 fell in between. This
was truevfor both R+CT and 5-CT. Vu./X. ratios corresponding to each of the
isoforms were higherxr for S-CT than for R-CT.
After normalization for estimated relative abundance of the three
individual CYP isoforms, CYP3A accounted for 46% of net intrinsic clearance of
R-CT, CYP2C19 for 33%, and CYP2D6 for 21%. For S-CT, CYP3A accounted for 35%
. of net clearance, CYP2Cl19 for 3;!, and CYP2D6 for 28% (Figure 4) (Table ();
Figure § show the biotransformation of R-DCT and S-DCT to DDCT by *
heterologously-expressed CYP2D6. K, values (12.4 and 16.8 uM, respectively;
Table 3) were lower than the high-affiﬁicy components of the reaction in liver

microsomes.

hemic inhibitl d x orma i ™

" At 10 uM of R- or S-CT, ketoconazole reduced reaction velocity to $5-60%
of control, quinidine to 80% of contreol, and omep{azole to 80-85% of control
{Figure €). When the R- and S~CTAéoncentration was increased to 100 uM, the
degree of inhibition by ketoconazole increased, while inhibition by quinidine
decreased (Figure 6). These findings are consistent with the data from
heterologously-expressed CYP isoforms.

Quinidine (5 uM) reduced formation of DDCT from R-DCT oxr S-DCT by only

50%, whereas the same concentration of quinidine reduced formation of R-DCT

and S-DCT to less than 10% of control values in heterologously-expreased

CYP2D6.
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DISCUSSION

R-CT, $-CT, R-DCT, and S-DCT are weak or hegligible inhibitors of human
cytochromes {CYP) 1A2, 2C9, 2C19, 2E1, and 3A in human liver microsomes. R-
and S-CT also are weak or negligible inhibitors of CYP2D6. The R isomer of DCT
is a weak to moderate inhibitor §f CYP2D6, comparable in potency to
sertraline. R- and S-DDCT are moderate inhibitors of CYP2CS and 2C19. However
this is unlikely to be of clinical importance due to the low plasma levels of
DDCT achieved clinically.

Transformation clearance of S-CT to DCT in liver microsomes is higher
than that of R-CT, accounting éor the trend to higher plasma levels of R;CT
during clinical use of racemic citalopram, and the shorter elimination half?

life of s-cr.>’

Formation clearance of DCT from CT exceeds elimination
clearance of DCT to DDCT., Since plasma levels of DCT do not exceed those of CT
during clinical use of racemic citalopram, the findings suggest that another
metabolic pathway (in addition to formation of DDCT), or another mechanism of
elimination, may contribute to DCT clearance. ¥

Studies wiih heterologously-expressed human CYP isoforms indicate that -~
CYP2D6, -2C19, and -3A all contribute to formation of DCT from R- or s-cT,
with CYP3A accountihg for 35-46% of net intrinsic clearance. The contribution
of CYP3A is predicted to increase at higher concentrations of CT, while the
contribution of CYP2D6 is predicted to decrease. This was verified by studies
of chemical inhibition of thia reaction in liver microsomes by index
inhibitors. As in the case of liver microsomes, intrinsic clearance of S-CT by
the three CYP isoforms was‘higher than that of R-CT.

CYP2D6 was the only identified CY# isoform mediating formation of DDCT

from R- or S-DCT. However, these were high-affinity (low K,) reactions in

expréssed CYP2D6, with K, values lower than the high-affinity component .in
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liver microsomes. Furthermore, the reaction was incompletely inhibited by

quinidine (5 uM) in liver microsomes. This again suggests participation of
some other process mediating net biotrmafomt;on of per. i 2

Thus S-CT (escitalopram) is biotransformed to its principal demethylated
metabolite by three distinct human CYP isoforms in parallel. As such,
impaired activity of any one of thgse isoforms, due to a drug interaction or a
genctic "slow metabolizer" polymorphism, is unlikely to have a large effect on
net wmetabolic clearance. S-CT and its metabolites are weak or negligible
inhib{tors of human CYP isoforms, indicating that clinically important drug

interactions due to impaired CYP activity are unlikely.?"%¢

APPEARS THIS WAY
ON ORIGINAL
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IN VITRO SYSTEMS FOR EVALUATING

TABLE 1

CYP INHIBITORY ACTIVITY OF

CITALOPRAM STEREOISOMERS AND METABOLITES

CYP R Substrate Product Index inhibitor
isoform (with concentration) (mean3SE ICq,)
1A2 Phenacetin Acetaminophen a-Naphthoflavone
(100 uM) {0.220.05 uM)
2C8 Tolbutamide Hydroxytolbutamide Sulfaphenazole
(100 uM) (1.340.04 uM)
2C19 S-mephenytoin 4‘-Hydroxymephenytoin Omeprazole
(25 uM) (4.220.08 uM)
2D6 Dextromethorphan Dextrorphan Quinidine )
{25 M) {0.43£0.05 uM) =
2E1 Chlorzoxazone 6 -Hydroxychlorozoxazone Diethydithi{o-
{50 uM} carbamate*
(16.623.2 uM)
3A Triazolam a-Hydroxytriazolam Ketoconazole
(250 uM) . (0.0740.01 uM)

*pPreincubated with microsomes prior to addition of substrate.

“FEARS THIS WAY
ON ORIGINAL
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TABLE 2

1C,, VALUES VERSUS

S-MEPHENYTOIN HYDROKYLATIdN (CYpP2C19) or

DEXTROMETHORPHAN O-DEMETHYLATION (CYP2D6)

Kl

I1Cyy {meaniSE), uM

Compound S-mephenytoin# dextromethorphan*
hydroxylation O-demethylation
Ind inhibd
Omeprazole: Quinidine:
4.2 (20.8) 0.43 (+0.5)
Citalopram and metabolites
" R-CT 186 (:26) 126 (416}
S-CT >250 73 (+5)
R-DCT 77.4 (18.1) 25.5 {($2.1)
S-DCT >250 78 (45)
R-DDCT 18.7 (:4.0) 81 (+11)
S-DDCT 12.1 (+1.9) 121 (+13)
co x
Fluvoxamine: Paroxetine:
0.62 (20.08) 2.6 ($0,3)
Sertraline:
29.9 (#4.5)
Desmethylsertraline:
81 ($12)

*Concentration « 25 uM
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IABLE.3
KINETIC ANALYSIS OF BIOTRANSFORMATION OF
CITALOPRAM AND DESMETHYCITALOPRAM

ENANTIOMERS BY HETEROLOGOUSLY-EXPRESSED HUMAN CYTOCHROMES

s Cytochromes:

Transformation

reaction CYP2C19 CYP2D6 CYP3A4
R-CT to DCT
Vox 1.65 2.18 2.18%
K. 77 a7 454
Vare/Ka 2.13 4.63 0.47
‘Abundance-adjust.ed

relative V../K. 32.9% 20.7% 46.3%
S-CT _to DCT
Ve . 2.52 2.73 3.19
K 69 29 588
Va./Ke 3.63 9.54 0.54
Abundance-~-adjusted

relative V_../K, 36.9% 28.1% 34.9%

- DD
Vo, 0.63

K 12.4
Vear/Ke 5.04
S- to D
Viaax 0.58
K 16.8
Vauz/Ka 3.44

Units are: V.., picoMoles/min/picoMole P450

Kar

M
Vo/Xo: nanoliters/min/picoMole P4S0
Relative V. /K.:¥ of total
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Comments to the Medical Reviewer

1. Please evaluate the effect of coadministration of escitalopram and metoprolol
on blood pressure and heart rate.

2. Escitalopram produced negligible inhibitory effect on 2D6 in vitro. However,
in-vivo studies with CYP2D6 substrates (metoprolol and desipramine)
indicated that escitalopram has inhibitory effect on CYP2D6. Co-
administration of escitalopram (20 mg/day for 21 days) with metoprolol (single
dose of 100 mg ) or desipramine (single dose of 50 mg) increased the AUC of
metoprolol by 82% and desipramine by 100%.

- Since in-vivo study is more clinically relevant than in-vitro study, therefore, from -,
in-vivo study it has been concluded that escitalopram will have inhibitory effect on
CYP2D6 substrates. Please ensure that ~—— _

v

Py -
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Recommendation:

This NDA as submitted is acceptable to the Office of Clinical
Pharmacology and Biopharmaceutics.

The Sponsor’s request for the waiver of in vivo bioequivalence study
between the 10 mg escitalopram commercial tablets and 10 mg escitalopram

tablets used in clinical studies based upon the product characteristics and in vitro
dissolution data is granted.

FDA’s proposed dissolution method and specification for all three
strengths of escitalopram oxalate tablets is as follows:

—— ]

PUAVENDPUENAT R 8 W 7Y

~

Please convey the labeling comments, dissolution method and specification, and
the recommendation to the Sponsor.

Iftekhar Mahmood, Ph. D.

Division of Pharmaceutical Evaluation I

RD/FT initialed by Raman Baweja, Ph. D.

OCPB briefing: November 20, 2001

CC: NDA 21-323
HFD-120, HFD-860 (Mahmood, Baweja, Mehta).
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